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the reactionary forces cf interaational imperialism, above all the capitalist magnates
’ N

!

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 CIA-RDP81-01043R001200220005-5




2 Editorial

of America and England, Imperialist reaction meant, with the help of German Fas-
'cism, to rout or at least weaken the main leading force of growing, all-conquering
socialism - the Soviet Univi - and thus strengthen its own shaken foundations. The
invincible power of the socialist state, the wise policy of the Communist Party, the
unbending will of the people and the heroic struggle of the Soviet Armed Forces up-
set all these calculations of international imperialist reaction. :

Having ended the war victoriously, the Soviet state emerged from it stronger
than ever before. The strengthening of the Soviet Union, the growth of its inter-
national influence, the liquidation of the most dangerous centers of Fascism and ag-
gression, the shift of a number of countries in Europe and Asia to the path of social-
ist dev:lopment and the powerful growth of democratic forces in the entire world -
all this led to a change in the general correlation of forces between socialism and
capitalisin in favor of socialism and created the necessary conditions for the estab-
lishment of a lasting peace on the basis of international co-operation. The Soviet
state, around which rallied the countries of the socialist camp and many millions
of supporters of peace, democracy and socialism rises up as an insuperable ob-
stacle in the path of the instigators of a new war.

The war with Fascist Germany which had, with the help of international impe-
rialist reaction, created the most powerful army of all the armies of the capitalist
world, was a severe trial for our people and the state they had created. The Soviet
people experienced countless privations, fought heroically on the battle front and
toiled selflessly on the home front for the sake of the freedom and independence of
the socialist ¥~ *herland, and for the sake of the liberation of the peoples of Europe
from the Fasc.st yoke. This great feat of the Soviet Union appeared before mankind
in azn unfading halo of glory. And no propagandistic tricks by the imperialists can
diminish the fecling of gratitude displayed by millions of people the world over to
the Soviet people.

The post-war years have brought many new convincing testimonies to the gran-
deur of the role played by the Soviet Union in determining the "ate of many states and
peoples of the world. The camp of its friends, supporters of peace and democracy,
grows ever stronger, and is turning into an invincible force.

The victory of the Soviet people, of its Army, Air Force and Navy was a new
irrefutable affirmation of the viability and durability of the Soviet socialist system,

a brilliant manifestation of the power of the socialist state. The war showed that
the Soviet system genuinely stems from the people.

The Soviet system gave our people, and our Army, Air Force, and Navy, the
great irresistible power which made possible the victory of the Soviet Union over
Fascist Germany and then <ver imperialist Japan as well. The socialist state was
the best form of organization of the life of society during the years of peaceful con-
struction. Under the leadership of the Party, our people have in a short time turned
their country into the greatest indu-trial and collective-farm power. The Soviet sys-
tem proved also to be the best form for the mobilization of all the forces of the peo-
ple and of all the resources of the country for the achievement of victory in the great-
est of all wars, a war the entire brunt of which fell upon the peoples of the Soviet
state and upon its Armed Forces.

It is a well-known fact that in modern warfare, victory goes to the state which
is stronger than the enemy both in the moral and political sense as well as in the
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economic and military. ‘Che past war showed that not cne of the capitalist countries
had, nor indeed could ¢ L.ave, in view of the nature of its social and state structure,
the moral and political sclidarity displayed by the Soviet people from the beginning
and to the very end of the war. Pursuing the wise policy of Lenin, the Communist
Party, with the unlimited support of the entire people, assured the victory of social-
ism in our country, constantly streagthened the dictatorship of the proletariat and
relentlessly fough: againat all attempts to weaken the socialist state. :

In organizing the defeat of the enemy, the Communist Party and the Soviet
Government leaned upci the material and industrial basis of socialist society, on
its moral and political unity, on thc brotherly friendship of the peoples of the USSR,
and upon the high patric consciousness of the Soviet people,

Thanks to socialist industrialization of the country and to the collectivization
of agriculture, the economic might of the USSR had grown to enormous prcportions.
In the pre-war years, we had already occupied first place in Europe and second
place in the world in volume of industrial production, The exploiting classes among
us had completely been liquidated, and the inequality of peoples in the political, eco-
nomic, and cultural sense, had been <estroyed. The Communist Party had educated
the Soviet people in the spirit of love for the socialist Fatherland, in devotion to the
concepts of communism and in the spirit of Soviet patriotism and proletarian inter-
nationalisrn.

During the course of the war, the unity of the Party rallied around the Central
Comreittee and was s*il further strengthened. The Party had mobilized the Soviet
people and led them in ¢ ur"at and in labor. Enduring enormous privations and sac-
rifices, the Soviet peopi: .n = well-organized manner and with enthusiasm toiled on
the home front, devoting =il their effor:s to the cause of the defense of the socialist
Motherland.

At the beginning of the war, time was needed to set up military production and
to satisfy completely the require:aents of the front. More than 1300 of the large in-
dustrial enterprises alone were evacuated to the eastern regions of the country. New
forces were being prepared far to the rear. By the will of the Party, our entire coun-
try had been cenverted into an unconqguerable camp, strong in its moral and political
unity, The plants were increasing their output of planes, tanks, cannons, mortars,
rifles, machine guns, shelis, mines and cartridges.. The collective farms were in-
creasing the delivery of food suppiier to the Front.

The commanding officers, the army political organizations, and the communists
carried on extensive party and political work among the troops, strengthening the
high combat spirit of the defenders of the Motherland.

After surmounting the difficulties of the initial period of the war and building
up strength and experience in conducting combat operations against a powerful enemy,
the Soviet Armed Forces routed the Fasciets at the approaches to Moscow. With the
defeat of the most powerful German-Fascist army group, the Soviet Army seized the
strategic initiative. This defeat of the Fagcists revealed the weak spots in the Hitler-

<

. ite war machine. It became clear that in a struggle with a socialist state, the idea

of "blitzkrieg'" was bankrupt, - The Hitlerites' plan for invasion of the British Isles
was buried at Moscow., The Soviet pzople saved the British from a German-Fascist
invasion.

After the Battle of Moscow, the Soviet Armed Forces carried out many difficult
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7 i i Kursk,
but brilliant operations in routing the German-Fascist troops at Stalingrad, Ku A

and Orel, inflicted ten crushing blows in 1944, and conduf:tedé;lii;:ij‘;::fzx:;::’op
erations of 1945, which culminated in the capture of Berlin. i - tm.
after the defeat of Fascist Germany, the other pretender to wo
iali i its arms.

Pe"1ﬂ¥£e5i§:::,;yai:1‘ll:1§ei‘;’: ilxtsthe war against German Fascism and Jlap:l.nelne
imperialism was a great triumph for Soviet arms. T'he wa-li‘frovi:i c:;\::tt;:;g' yThe
that the Soviet system had created the most prc?gressxve m:iltarby; s}fon‘ e ite
Soviet Army overpowered the enemy, becaus.e }t I{ad proved to De s ugprecedented
enemy in every respect. Its high fighting spirit, its brave}'y, Atn o e ey writh
moral force it draws from such sources as the deep—r.oot‘edf\.m;ty e T es lead-
the people, the high and noble aims and tasks, for which it fights,
ershlPT‘:xfeﬂ(l}erl:aSvll’:tgio:irzuvx;;srt :xab?te’;.ted to a severe test two eusentiallyddiiexg::
and opposed social and political SYStema:h't};‘eei;‘::::eic:;tli:,::::z:‘cta:ma,; e
man Fascist state and political system whic. pre the e ontemporony
rialistic and chauvinistic tendencies of n"xonopollwt.:c cap1:a.hstr}x:a:nw“hst°°d TpoTasy
stage of its development, It was the So‘{:let socxal_xgt system O 1 b

The Soviet state, national economic, and military org'a.x.uza p;'thons o e mod-
the more flexible and more adapted for fighting under thg dxif;lcult ion ;flthe oo
ern war with a powerful enemy. The advanced progressive c. 'arac edr e o e
state assured its indisputable advantage in the moral, economic, an mi Ay s

entire glorious course of its development, Athe Soviet Army

alway::;Z‘:/ih?;t ;};erth as anglarmy of true patriots of the socialist Fatherland, sa-
credly fulfilling its patriotic duty to the Fatherlan§ and th.e peop! e;. ce being edu-

The Soviet Armed Forces, as indeed the entire Soviet people, a ® bl ind v
cated by our Party in the spirit of ;eshpecthfc;r the fgoples of other countri

iri for.the workers of the whole world. .
. spg:ii‘:fgl::]}‘:: course of the past war and now, the er{tire world became tf:);:u:;ed
of the just nature. of the policy of the Soviet state, a pohf:y based on ;ecogn:luct o
equal rights of all peoples. This policy governed and 'stﬂ.l governs t-te ct‘.lx;f Norway
the Soviet Army. During the war, our troops saw af:tmn" on the terri orly f Nom Ko,-
Finland, Poland, Czechoslovakia, Rumania,ABulgana, }«.u.ngarx'y, Yugdos avt' o
rea. Without interfering in the internal affairs of these countries and trea Lnglld o
national sovereignty with respect, the Sovietdl:rrny helped these peoples to bu
i i i i ishes and desires.
Hves 1}’;‘ f“-li aifxco‘jii:;;tihozls]efl:o:nwz ::is:vous war, the Soviet Union ended its interna-
tional i;:leatgiong. Today more than a ;};ird of malx;}dnd constitutes a powerful interna-

i iali ildi new life.

fonal ;:?g:é::;‘:j;:;“%::i‘:“;gr: obfi’ryving their glorious thirty-ninth anniversary
against the background of a great political E,X.ld labor upsur‘gtﬂj. caused by nte'w re';neark-
able.progress in the development of economic and cultural life, and by na x;n:v;‘evo-
competition in honor of the fortieth anniversary of the Great October Socialis
lutlon.Tl:L Communist Party and the Soviet Government are bending every effort to-
wards st:.ving off the unleashing of a2 new war, and towards establishing normal rela-

tions among states. - The foreign policy of the Soviet Union is a policy of peace and
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friendship among all peoples, a policy based on the teachings of the great Lenin with
regard to the possibility for peaceful coexistence of two different systems - the so-
cialist and the capitalist.

The imperialists, however, in pursuit of maximum profits, are frenziedly pre-
paring for a new even more destructive war. They have touched off an armaments
race, created hundreds of military bases and strong points near the borders of the
USSR and of the countries of the people's democracy, and threaten the world with atom-
ic and hydrogen weapons, Pursuing a policy "from a position of strength'', the reac-
tionaries have concocted the aggressive North Atlantic bloc, SEATO, and the so-called
Bagdad military alliance. Eisenhower's recent speech, in which he glorified the pol-
icy of increasing military expenditures, is new proof of the aggressive nature of the
policy of the ruling circles of the USA. !

The militaristic circles of the USA now no longer conceal the fact that they are
interested in the Near and Middle East primarily from the military and strategic point
of view, as a base for unleashing new aggression. Recently, for example, in the pe-
riodical '"United States Naval Institute Proceedings ," Admiral Eller in his article
entitled "The Fate of the United States is Being Decided in the Middle East," rejected
the hypocritical statements of American propaganda about the '""concern" of the USA
for the Arab countries and cynically affirmed that the Middle East is oil and the Unit-
ed States needs oil for war: '"Without Arab oil we cannot inflict any blows upon the
bases of the enemy, we will not be able to safeguard our sea lanes.." and further:
""NATO will fall to pieces at once, if the transports of oil and other strategic materi-
als are not safeguarded..We are arming ourselves, but the new types of weapons re-
quire a great deal of oil. One jet bomber consumes more than 7 tons of fuel an hour.
There will not be enough of domestic American oil alone to carry on a large-scale
global war. We have to count more and more on the. oil of the Arab countries."

Let's say it openly, the commentaries of Admiral Eller on the infamous "Eisen-
hower Doctrine' unmask completely the fomenters of war.

The ruling circles of England and France concocted various false allegations -
in striving to justify their aggression against Egypt. ‘At first they said they had begun
the war in order to ""break up'' the fighting between Israel and Egypt, then it turns out,
in order to '"defend" their own interests and finally, after having disgraced them-
selves, they cynically declared that "'they were saving'' the Arab states from Soviet
aggression which the imperialists themselves had trumped up.

During the days when the imperialist camp made an attempt to convert Hungary
into a Fascist torture-chamber, and then into a base for unleashing a war in Europe,
the bourgeois press unrestrainedly slandered the socialist camp and the Soviet Army
and took all steps to support the counter-revolutionary myrmidons,

The crushing of the counter-revolution by the sound democratic forces of Hungary
with the help of Soviet troops, extended upon the request of the Hungarian Revolution-
ary Workers and Peasants' Government, was in the interests of the Hungarian work-
ers and of all peace-loving peoples of Europe, for it put an end to the white terror and
averted the danger of creation of a base for aggression in Europe. .

In the struggle against the forces of the counter-revolution in Hungary, the So-
viet soldiers carried out their sacred duty and defended the world from the imminent
threat of war in Europe.

Although pursuing a peace-loving foreign policy, the Communist Party and the
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Soviet Government cannot but take into account the fact that reactionary imperial-
ist forces are striving with every means at their disposal to strain and aggravate.
international tension, and to plunge mankind into a new world war. Under these
conditions, the Soviet people, the Communist Party, the Soviet Government, and the
Armed Forces are guided by a resolution of the 20th Congress of the CPSU which
states that one of the most important tasks is.'""to take necessary steps for the fur-
ther strengthening of the defensive power of our socialist state, to maintain our de-
fense at the level of ary military technique and sci , and to assure the
safety of our Motherland." .

The thoughts and aspirations of the entire multimillion Soviet people are di-
rected towards securing their peaceful constructive labor and the new powerful up-
surge. in their economic and cultural life.

On the eve of the new year, there was a regular Plenum of the Central Com-
mittee of the CP which had examined the most important problems of economic con-
struction. Its decisions were met with warm approval by the entire Party, and by
all Soviet people including the pe_gonnel of the Armed Forces.

Soviet soldiers note with particular satisfaction the progress achieved during
the past year of 1956, progress in carrying out the decisions of the 20th Congress
of the CP in the development of our economy. This progress testifies eloquently
again and again to the superiority of the socialist economic system over the capital-
ist system, testifies to the unlimited possibilities for growth and flourishing of the
economic structure in countries of the socialist camp.

The decisions of the Plenum point out that our Party is determined to continue
firmly and consistently Lenin's policy of preferential development of heavy industry,
which constitutes the indestructible basis of the entire economic structure of USSR.

During the post-war years, the Soviet Army, the Air Force, and the Navy
have become more powerful than before the Great Patriotic War. They have at their
disposal everything necesszary for a reliable defense of the peaceful constructive la-
bor of the Soviet people, ard for administering a shattering defeat to every enemy
and for bringing him to his senses, if he dares encroach upon the honor, freedom,
and independence of our Motherland.

As was noted at the 20th Congress of the CP, the Armed Forces of the USSR
now have various atomic and thermonuclear weapons and jet and rocket armament
of various types, including long-range rockets, and first-class jet aircraft capable
of solving any problems whatsoever that may come up in the event of an attack by
an aggressor,

Equipped with new systems of radio navigation and radar, Soviet aircraft now
fly at supersonic speeds, long distances, in the stratosphere, under complicated
weather conditions and day and night. They are flown by remarkable pilots, ardent
Soviet patriots, genuine masters of their craft. In the units and elements of the So-
viet Army Air Force, the number of first-class pilots and air navigators is grow-
ing continuously, and the overall skill of all the soldier pilots is being perfected.
Many of them have earned high government awards.

The number of soldiers who have been awarded the rank of outstanding pilots
is growing constantly. The best air gunners, junior aviation specialists, commu-
nications men, radar station operators, and soldiers in other branches of the army
will meet in Moscow at an All-Army meet of outstanding airmen. This conference
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will be a significant event in the life of our Armed Forces personnel. The steady
growth of the ranks of "outstanding airmen' is a striking index of progress in the
work of the air force commanders of all ranks, evidence of the growth of our sol-
diers' skill and of the consolidation of order, discipline, and good organization in
the units and elements.

Further strengthening of the power of the Soviet Army Air Force constitutes

. one of the chief concerns of the Communist Party and of the entire Soviet people.

The Air Force commanders still have to do a great deal to raise the level of com-

- bat readiness, and strengthen discipline and good organization.

Since the 20th Congress of the CP, new tasks have come up to confront the
commanders, political organs and party organizations with regard to activization
and intensificatica of ideological and educational work among the pilots. Love for
the Communist Party and for our Soviet state and people must be fostered within
the entire personnel of the air and maintenance units, and they must be educated
in the spirit of lofty Communist principles. The higher the principles of the pilot,
the higher his political and professional activity, and the stronger the combat team-
work of the unit and element.

The aviation equipment with which the Air Force is provided is expensive

quip t. Its production requires great material expenditures and the persistent
labor of thousands of Soviet people. Therefore the duty of the pilot, the navigator,
the air gunner, the engineer, the technician, of all aviation specialists is not only
to know it well, but also to be concerned with its upkeep and with prolong: tion of
its term of serviceability. Concern for the preventive mai of equip t
and weapons is manifested in competent care of it, in able aperation and finally in

. striving to enrich one's experience in maintenance by new progressive methods.

The desire to make one's contribution in the matter of improving maintenance and
utilization of equipment is one of the manifestations of a constructive attitude to-
wards the fulfillment of one's duty in the service.

Examples of fulfillment of military duty are set by Communists and members
of the Komsomol. They constituic the greater part of military first-class pilots
and navigators. But exemplariness alone is not enough for them. They must con-
stantly assist their comrades in mastering techniques and in perfecting their op-
erational skills. Communist and Komsomol members are called upon daily to help
the commanders to instill in the personnel love for the Air Force, good discipline,
gelfless devotion to the socialirt Motherland and readiness to endure any hardships
of army life for the sake of guaranteeing the security of the Fatherland.

The realization of personal responsibility for the assigned task is an indisp
sable condition for high combat readiness and alertness, stable discipline, and in-
violate order according to the regulations. During training exercises recently, air
commanders V. A, Sulev, I.D.Reydel', and others displayed a high level of train-
ing: during the past year they had achieved the highest indices in combat and po-
litical training.

Why did they achieve such remarkable resuits? - Why first and foremost be-
cause these officers, by setting a personal example in mastering modern aviation
equipment, were able to inculcate in their flying and technical personnel the feeling
of responsibility for the assigned task.

Everyone of our air commanders, above all must possess a high sense of
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responsibility for the assigned task. If the commander is exacting t.owards himself
‘and towards his subordinates, if he is high-principled in his evaluation of the state
of affairs, if he does not exaggerate the successes and does not belittle tl?em, and
is irreproachably efficient, he will always be able to impart the same attitude to-
wards discharging service responsibilities, to his subordinates as well. )

Air commanders A, Ya.Brandys and V.D. Uglyanskiy were able to implant a
feeling of great responsibility in'their subordinates, owing to the fac't that they did
not stifle initiative but, on the contrary, encouraged independent action. In each
concrete instance, they would let their subordinates feel the entire fullness of per-
sonal responsibility placed upon each of them for the task at hand,

Soviet soldiers are proud of their commanders and consider it an honor for
themselves to serve the Motherland, and to master military skills under their ex-

“perienced guidance. : .
. For thirty-nine years, the Soviet Armed Forces have gerved our great Moth-
erland in faith and truth, The Soviet people are firmly convinced of the fact that
. they will provide, in the future as well, reliable defense for the peaceful work of
our country which is successfully building Communism.
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TACTICS

GROUND CONTROL OF A BOMBER FORMATION ON A
NIGHT MISSION

Engineer Majbr F.S.Pasternak, Major R, Sh.Batalov ‘

On.a nighit mission of single bombers or small formations, the ﬂight or crew
commander is compelled in most cases to make independent decisions in flight for
lack of possibility of visually observing conditions in the air. >

Usually when flying formation, the commander has.visual contact with other
aircraft which enables him to control their actions. Under these circumstances
there is no need of using ground aids for controlling the formation. The ground- .
control aids are used only to check on the flight course and the bomb run; to help
the commander when flight conditions deteriorate and to obtain information about
the air situation. .

On an independent night or day mission flying formation in the clouds, estab-
lishing of control is complicated by the absence of visual communication between’
the leader of the formation and the aircraft in his formation. iy

The main problem of control in this case is to maintain consistently the pre-
scribed time intervals and distances in the formation. In practice there are two
ways of controlling actual time intervals between planes: by checking the reports
of trailing planes as they pass the ‘predetermined check points, or by the commands .

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5 t




10 . F.S,Pasternak and R.Sh. Batalov

of the lead pilot who gives the exact time of passing over these check points.

S 'ku'a'ing the first of these methods entails a good deal of back and forth talking
over‘the air while in flight, because each plane is transmitting. This, however,
reveals the presence of planes in the air. In the second method only the lead plane
is transmitting while the trailing planes do the receiving. This naturally cuts down
.the number of transmitted messages. The second method is therefore more prac-
tical.

Control of time intervals between planes by the lead commander's report of
check poinis is achieved in the following way. The lead crew determines and trans-
mits by radio the exact time over the predetermined control check points and turn-
ing points (when making a turn the time of the initial point of the turn is given). This
command is the signal for the trailing planes to pass over the control check point
following the lead plane at a fixed time interval., Let us suppose that the time inter-
val between planes in formation is two minutes. The lead plane transmits passing
over a check point at 22:00. Thus the first trailing plane passes over the same check
point at 22:02 and the second at 22:04.

In the event that one of the planes in trail fails to pass over the check point on
time, he tries to adjust his timing on the next leg of flight so as to correct his po-
sition in formation,

The advantage of this method lies in the fact that each crew in trail gets its
bearings only from the formation leader. Any variation in position of any one crew
(reaching the check point ahead or behind time) does not disrupt the entire flight for-
mation.

Nevertheless the task of control is not limited to the transmitting of commands.
It is necessary to check the execution of these orders. The commander cannot ac-
complish this without assistance from the ground, because he is unable to see the
aircraft in his formation, which are flying at a considerable distance from him. To
keep track of conditions on the bomber's flight path and to maintain check on dis-
tances between the planes in formation, it is most effectual to take advantage of
ground-based radar stations with a PPI,

The formation in flight is controlled either by flight commander with the aid
of data received from ground radar concerning the aircraft flight positions, or by
the senior operator at the radar controls. The latter is effectual if the mission is
proceeding in a complicated situation, when there are many aircraft aloft,

The possibility of controlling the bomber formation flight by night with the
help of data transmitted from a ground radar station, is determined by the proper
location of the ground-control point with reference to the bombers' flight path,
which should not exceed the station's effective range, thus making it possible to
track the planes in their respective positions on the radarscope during the entire
flight. This method has the advantage of disclosing immediately a plane's devia-
tion from flight path, or a closer position to each other (reduced distances between
them), and provides the means of transmitting such data to the flight commander or
of issuing the necessary correction orders directly to the crews.

A responsible officer is assigned to the radar staticn, where he performs the
duties of assistant flight operations officer. He has before him a flight formation
diagram, showing the distances between the planes, also the distances between each
aircraft and the lead plane, as well as the call signs, designations of all the crews,
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a flight chart and flight order.

Before take off of a scheduled flight, the duty officer at the radar station se-
lects a sector on the radarscope in which he can track the formation during its en-
tire flight. The scale of the image should be as large as possible. After selecting
the sector and scale of image it 'would be helpful to trace the flight path of the for-
mation on the glass shield of the radarscope, which will enable the observer to see
at a glance the least deviation of the aircraft from its flight path,

The successful control of a bomber formation mission from a ground station
depends in a large measure on the clarity, precision and correctness of transmit-
ted commands. Therefore the meaning and character of commands is defined and
agreed upon by the formation personnel, in a preflight briefing according to the fol-
lowing rules. As a rule the commands from the ground *o the crews aloft are in-
formative in character, i.e. they give the formation commander data on the rela-
tive position of planes in formation and any existing deviations from flight path, as
well as information about air situation in the general area of flight. The exact de-
gree of deviation from flight path is given as well as position variation in kilometers

Fig. 1. Formation on second leg of flight (the third
plane is deviating to the left).

relative to the assigned position in formation. The formation commander decides
how and when to correct any course errors if the whole formation has deviated. In
case only one plane has deviated the commander of the plane makes his own decision.

An order to execute a definite maneuver is transmitted from the radar station
only in emergencies such as a threat of a mid air collision or a change in air situa-
tion which demands immediate action,

The commands are brief, concise and directed.to the off-position crew.

If it is agreed that the mission should be controlled from the ground by the sen-
ior officer, the crews will receive from him orders of execution.

Fig. I gives the photographic sequence of a formation flight in trail at fixed
time intervals.’ The planned flight path is shown in the third frame of this photo-
graph. In the first frame there are three blips showing the planes in formation (they
are marked 1,2,3). Ahead of the formation is the target designating plane (letter '"O"),
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Even in the first frame it is apparent that the third plane in formation after
the first turn has started deviating to the left of the flight path. As the following
two frames indicate the degree of deviation gradually increased. There was a time
lapse of four minutes between the first and third frame. The third frame was made
at the exact moment when the crew of the third plane was informed that it had devi-
ated twelve kilometers from course. Although the message was aimed at the crew
which had deviated, it was also received by the formation commander. Conse-
quently he too was informed of the relative position of the planes on the flight path.

Fig. 2. '{he crew of the third plane corrects the deviation
after receiving command from the ground-control station.

As Fig. 2 shows the crew of the third plane understood the command correct-
ly and made the necessary course correction. As a result all the crews approached
the second turning point at prescribed distances.

Fig. 3. Formation executing a turn.

Fig. 3 shows the formation making the turn at the second turning point, In

flight formation heading for the target.

the last two frames the lag of the third plane is noticeable. The last framc shows the
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Thus, in this example a command was transmitted only once and it helped the
crew of the third plane to correct its course error and to assume its planned posi-
tion in formation by the time the second turning point was reached.

The commander's successful control of a combat formation mission with the
aid of ‘a ground radar station depends on the skill of the radar duty officer in deter-
mining from the blips on the radarscope, the relative position of the planes and such
flight-line deviations as might occur in the course of a flight.

The greatest problem in monitoring a formation flight is to interpret correct-
ly the correspondence of the blips which appear on the radarscope, particularly
when there are many planes aloft. Besides, there are times when blips completely
disappear from the screen of the radarscope; this occurs frequently when the planes
are making a turn.

In order to determine correctly which plane in formation has deviated from
the flight path, the duty officer monitors the flight continuously on the radarscope
and transmits commands only when he is convinced that he is sending them to the
right aircraft. It is possible to determine which one of the aircraft has deviated
from the planned flight path only by quickly comparing the spacings between the blips
of all the planes.

The examples analyzed above prove that careful organization of ground control
of a night time bomber mission flying under adverse weather conditions can assist
the bombers considerably in solving a number of problems connected with the oper-
ation.
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TRAINING AND EDUCATION

THE AIR COMMANDER AND FLIGHT SAFETY

Major General of Aviation K. A. Katichev

In organizing flights the air commander must foresee the smallest details.
Though this is well known, nevertheless some officers up to this day do not reflect
enough on possible exigencies in the course of flight. They live in groundless con-
fidence that the flights will always proceed only as planned.

Of course one must always strive to carry out flights as planned, but at the
same time one should foresee the possibility of various emergencies arising and
be prepared to meet them fully equipped. Air commanders frequently have to
change the order of flights in the course of a flying day because of the weather
disrepair of equipment, failure or interruptions in radio communications - am"l for
many other reasons. It follows that prudence ‘and foresight are important condi-
tions for flight safety. :

Foresightedness and constant readiness to make a decision in accordance
with changes in sityation depend entirely on the thoroughness of the flight's pre-
paration. When all the members of the team know their place and duties the work
goes onina rhythmical and organized way. For a successfui solution of these prob-
lems, air commanders have to consider all the specific characteristics of flying
conditions in their units, insure examplary maintenance of the airfields with all
their equipment, require efficient performance of command posts and supporting
services, and organize work in such a way that the personnel know their duties
and regard them with a deep feeling of responsibility.

15

The Air Commander and Flight Safety

The commander generally knows well all the specific characteristics of his
airfield, the flight area and the conditions of flight, and organizes these flights ac-
cording to instructions given for the particular airfield. He sees to it that the flight
procedures for the airfield zone and beyond it are stated precisely and are adhered
to.

Setting up one or another type of procedure is a long process of persistent
work by the command. It is not enough to issue an order and communicate it to the
personnel, one has to train men in executing orders in the required manner. This
develops in the personnel, habits of meticulous compliance with orders.

Consistency and uniformity of the commander's requirement are very impor-
tant. Lack of consistency in the organization of flights prevents men from acquir-
ing habits of routine procedure in their work, and creates conditions for their vio=
jation, Strict procedure is especially needed in flying as it develops discipline in

~ the personnel, helps them to better master their complicated speciality, and pre-
. vents all kinds of unforeseen incidents. If on the other hand the flight procedure is

not definite enough or does not correspond to the set requirements, then naturally
complications and violations of procedure will follow. Air commanders and all
fliers know that the majority of flight accidents happen because of poorly organized
flights.

Organizing flights includes a great number of problems: planning, readying
of flight personnel and equipment, operational control and so on. All this the air
commander has to bear in mind constantly, and he should always keep to the same
firm policy, thus ensuring a well organized flight procedure.

In flying the least carelecrsness often leads to accidents. The commander,
therefore, has to observe and notice everything which may ensure successful flight
operations. This is not difficult when the flights are well organized. But when the
organization is inefficient, so many shortcomings arise that the commander runs
the risk of overlooking some of them.

Planning is a very important aspect in organizing flights. Flight gafety de-
pends on the soundness of planning. In planning the flights one should not follow
any stereotype procedure, nor act hurriedly and thoughtlessly.

Whenever a pilot is given an unduly difficult assignment, whenever gaps in

_his logged flying time are overlooked, whenever the vagaries of weather or the

condition of the airfield and the equipment are not taken into account - the flight
performance suffers. In planning flights one has to consider as fully as possible the
conditions of every flying day depending on the weather, the condition of the maté-
riel and airfield,level of proficiency of the flight personnel, their physical and mo-
rale state, breaks in flying, and so on.

In the unit X, one of the fliers was considered as having finished his solo
flight training in adverse weather conditions, although he had not made a single
square pattern flight either on a military trainer or on a combat plane. Besides,
his flying hours in the clouds amounted to one hour and twenty minutes in all. In
addition the flier has had a break of more than two months in his training flights.
He was taken on one check flight in a closed-cabin Yak-11 and on another one of
eight minutes flying in the clouds in a UTI-MiG-15. .

After such "training" the flier was allowed to take a solo flight under min-

imum weather conditions. As a result of this evident insufficiency of training,
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16 K. A, Katichev

in bad weather flying, the pilot twice made an unsuccessful straight-in landing ap-
proach. And when he was ordered to make a square pattern landing approach, he
made a gross error and fumbled the attempt. Such are the results of violation of
systematic training. Such violations cannot but produce poor results especially
while flying under adverse meteorological conditions. Air commanders should al-
ways bear this in mind.

Sometimes the following incidents occur. I, for instance, for some reason
the }anding is delayed or becomes necessary to make an additional check on the
equipment or have an unplanned short critique with the flight crew, then the whole
planned schedule is disrupted. The time of the next flight is then changed. Asa
f‘esult not only the planned schedule but also the chart of aeronautical radio serv-
ice is disrupted and discrepancy in time follows. And this results from poor plan-
ning.

: It sometimes also happens that during flights in several shifts the time for
the intervals between flights is not considered. So some of the planes are taxying
to the start, others away from it, some are taking off, while others after a dela
aloft, are landing. Conditions arise which impair flight safety. Th; regular otd‘f
er of flights and the whole rhythm of work are disrupted by frequent changes in
the flying schedule of the shifts.

: It is not always expedient to begin a flying day with intensive flights. For
instance, it is much better to increase the intensity of flights gradually after a
long break in training flights, in passing from summer to winter flying and vice
v\eraa. and also while changing to a new type of aircraft. During the first flights
one ch‘eck- the readiness of the crew and of the aeronautical radio service for a
m‘ore intensive work. Towards the middle of the day the tempo and intensity of
flights will be gradually increased, and decreased towards the end of the da Such
measure§ training in mastering new aspects of flying will greatly increase Z;iet

Uninterrupted ground coutrol of flights is of great importance. Defects 'my‘
ground control may result in gerious consenuences. For this reason the command-
er has to see to it daily that every airfield facility is ready to function: that the ra-
dio and telephone communication is in working order; that there is alw.a s a crash
crew available at the start ready to remove from the runway any di!ablzd i :f H
that the surveillance radar is in positicn, and so forth. amemes

Under these conditions the commander and the operati i
the c?ews aloft easily and with assurance, and if comp‘;ic:t‘:::: ioxxﬁ:::];i‘;:;?efgnt:o‘l
the air occur they have at their disposal all the necessary means to ﬁn& ot
of any difficult situation in a calm manner. @ way ot

W.hat are then the basic requirements in organizing flights?

Firstly, the set up has to be in conformity with the directions instructi
andAorders given - this is necessary both for flight safety and for \u:iiorm‘ o
ganization on allyairfieldm ity ofos

Secondly, the organizing of flights should be simple and follow the habitual
pattern known to the flying crews as well as to all the maintenance and s i
personnel . Itis clear, of course, that this does not apply to the fli e
which may be complicated. PR e flight &

Finally, the lanning shoul i
it d:y. g d be thought out carefully and everything prepared

ssignments
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The Air Commander and Flight Safety

The first and the strictest guardian of the planned order on the airfield and in
the air is the operations officer. Flight safety depends, to a considerable degree,
on his experience, his profeasional attitude and his foresightedness.

Control of flight operations is one of the most complex functions of the air
commander because of their dynami.cs. the sudden complications in air gituations
and the serious consequences of flight errors. Therefore one has to pay special
attention to the selection and training of operations officers. )

The duties of an operations officer are set forth in directives and instructions.
We shall examine only certain more important sides of (flight) control and follow
their effect on flight safety. .

1f I, as author of this article, would have been asked what are the character-
istics of a good operations officer, 1 would have answered without hesitation: great
flying experience and constant alertness. Being alert, the operations officer spots
more quickly all flight defects, understands complex situations better, and reacts
quicker to errors and omis sions of the fliers. Alertness makes you think once
again about the weather, alternate airfields, radio communication with the craft -
in short about everything which insures flight safety.

The operations officer needs also the quality of foresightedness. I have al-
ready spoken about it above, but would like to add that it is impossible to fly or
control flights without having reserves. A reserve radio station and an emergency
aircraft should always be on duty on the flight line; night take-offs should be plan-
ned in case of delay in getting flights off, and during unstable weather 2 wblindland-
ing" system should be wordered." All these measures will help to find 2 speedy sol-
ution in difficult gituations.

We shall not dwell here upon the fact that an operations officer has to know
his flight personnel, their assignments, check closely the observance of rules and
regulations during flights and on the flight line - all this is self-evident. It is more
important to point out the new factors which came up in the work of the operations
officers these last years.

Since the time when our airfields have become enriched with various equip-
ment for flying in adverse weather conditions, the number of personnel connected
with ground control of flights has increased, and the operations officer has many
assistants. The commander's work depends on the quality of the work of theae
helpers. Their errors and omissions are reflected in the course of the flying day.
1t follows that all those who support the control of flights should know and carry out
their duties irreproachably, and in order to achieve this one has to be well prepar-
ed in advance for supporting flights.

The operations officer should know well his airfield and the specific charac-
teristics of the given flying area - only then will he be able to understand the action
of the fliers and correct their errors in time:

The operations officer's flying experience will always prompt him in deciding
how to correct this or that pilot error, what to do when the situation in the air be-

comes complex, when to allow the take-off, and when to delay or cancel the flights
altogether. Without such experience serious trouble is unavoidable.

In one of the units, for instance, adequate measures to ensure flight control
by available radio technical means were not taken, The assistant operations officer

in charge of the system was absent, and as 2 result there was no due control over
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airplanes after the fourth turn in the glide path. The pilot who was in the air was
not warned when he dropped below the safe altitude. He saved his plane and him-
self by sheer luck. .

There are many unwritten rules in controlling flights, the majority of which
stem from local conditions and specific characteristics and circumstances of each
flight. Depending on the nature and conditions of flights, the type of aircraft flown,
the weather, the airfield, and so on, ground control of flights may be more or less
complex, although in every case it is the most responsible moment in the organi-
zation of flights. .

With the beginning of practice of intensive flights in adverse weather condi-
tions, the duties of the operations officer increased and his responsibility for the
flight safety grew.

Formerly, when pilots used to fly only under visual flight conditions, they
could see each other's planes in the air, and changing directions, avoided colli-
sions. There was no need for special airway traffic control. Today pilots, fly-
ing under adverse weather conditions, cannot see other aircraft in the air. Be-
sides, other airways may lie on their flight paths in the clouds, where day and night
transport planes fly in both directions at various altitudes. The flight paths may
also pass through the control zones of other airfields. And finally other craft from
othier airfields may be following the same flight path, In connection with this there
arose the necessity to establish a rigid control of flights, a competent air traffic
control,

In this respect aircraft dispatcher service is of great help to the operations
officer. It keeps track of the situation in the air and controls the air traffic. But
in addition to this the operations officer himself should take care that in adverse
weather conditions no flight paths cross air lanes and flight zones of other airfields.

During flights in adverse meteorological conditions the operations officer
keeps close contact with the neighboring airfields both for mutual flight safety's
sake and in order to create an alternate landing field reserve.

If the airfield lies in the zone of an air lane or near it, then the operations
officer has to ensure flight safety for the transit planes. .

Let us now examine a few of the most important errors which are sometimes
committed in controlling flights.

Operations officers do not always know well enough the air situation, espe-
cially over the airfield where the greatest concentration of airplanes occurs. Not
having before them a constant picture of the plane traffic, they control the flights
"blind" and in so doing commit grave errors.

It also sometimes happens that the operations officer does not know the po-
sition of the plane or the group, the conditions of their flight, or what they may
meet on their way., This is also bad, and leads to flight accidents.

Next, perhaps the greatest errcr lies in the fact that sometimes operations
officers allow, for no good reason, undue concentration of aircraft on some circle,
in the holding pattern zone or in some one area, Some of them do not attach real
importance to the fact that too many planes are on the circle, that in the holding
area all the echelons turn out to be occupied, that when groups of planes are sent
aloft with small time intervals, the air over the area of the landing airfield be-

comes conjested with planes. Such crowding is dangerous and therefore should be
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avoided.

It would be of some interest
to discuss the problem of opera-
tions officers.

Permanent operations offi-
cers are sometimes appointed al-
ready during practice flights, and
it must be admitted, that flight .
control in these units becomes bet-
ter organized.

What arguments can be ad-
vanced in favor of permanent op-
erations officers?

Ground control of flights,
which depends more and more on
radio-technical means, has un-
dergone changes and requires the
operations officers' constant pres-
ence, as they say, at the battle
post. The air commander, who
generally controls the flights, has
many other duties: he has to fly
with his pilots, check them in the
air or track for errors from the
ground; do past flight critiques
with them, oversee the work of
the technical personnel and flight
safety specialists.

It is only natural that under
these conditions the commander,
serving as operations officer, is
distracted from control of flights,
while the control has to be an un-
interrupted process.

One may argue that a com-
mander has deputies, who could
be charged with controlling flights.
This is true, but the deputies also
have their functional duties, and
during flights there is enough work
for everyone.

Furthermore, a permanent
operations officer will always know
better the condition of the airfield,
the meteorological conditions and
other problems concerning flight
safety, in so far as they enter the
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range of his duties. He will work daily on improving the airfield and the radio,
lighting and technical means for flight safety, on organizing weather reconnais-
egance and so forth,

One can object that the operations officer will not always know the level of
training of the flying crew and their individual peculiarities. He will know his fly-
ing personnel within the necessary limits, In those cases when new fliers are be-
ing trained, or some requalification is going on, commanders who know their crews
well are always present on the flight line. '

Today more and more personnel and equipment are being utilized in control-
ling flights and in flight safety measures, therefore ground control of flights should
be carried out without interruption or distractions. Or.the other hand, we should
train experienced operations officers, keeping in mind that today they represent
a fully formed and independent profession in aviation.

And in conclusion a few words on preventive measures against flight accidents.

Air commanders of various categories each have their duties relating to flight
safety. But it s time s happens that ders, in hing over or duplica-
ting the work of their subordinates, forget their own duties, Of course, every su-
perior commander has to control his subordinate commanders, but at the same time
he must not neglect his own work in eliminating causes of flight accidents.

Next one must avoid as much as possible or reduce to the minimum the diver-
sity of flight assignments for any given flying day in a flying shift.

It sometimes happens that several fliers are flying simultaneously, each car-
rying out a different assignment. It is clear that it is more difficult for the com-
mander to monitor and control such flights. Commanders who concentrate their
whole attention on some new or complex kind of flying, and put aside for a time oth-
er kinds of flight training, act well in doing so. Such 'one-goal-concentration' helps
to master new or complex flight routine faster, better and without incidents.

In striving to achieve accident-free flight training the air commander should
always be solicitous, energetic and exacting.
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SPECIAL FEATURES OF A LANDING APPROACH WITH THE
AID OF A GYRO-INDUCTION COMPASS

Engineer Major A, M, Mikhaylov, Military Flier

Every flier usually encounters some difficulties when executing a landing un-
der adverse weather conditions. These difficulties are caused primarily by the ne-
cessity of effectually dividing one's attention between the instruments and holding
the aircraft on flight-path and planned approach glide during an instrument landing.
The least deviation from flight-path or error in altitude and heading in gliding down
may complicate the landing or result in more dire consequences. Under these cir-
cumstances it is quite natural that the airmen wish to have equipment and instru-
ments which would facilitate as much as possible their task of piloting the aircraft
particularly on the last leg of the landing approach,

At the present time measures are being taken to narrow down the number of
instruments whose readings a pilot must watch in flight, This problem is being
solved by introducing automation and by combining several instruments into one
device. Thus, for example, a gyro-induction compass (GIK) has been developed
and is being used in fighter planes, It is a joint indicator combining the readings
of the (long range) magnetic gyrocompass DGMK-3 and those of the radio compass
ARK-5. As the plane makes a turn, the magnetic course scale turns with it caus-
ing the corresponding graduation to line up with the zero index. For instance, when
the plane turns left the magnetic course dial and the directional gyro pointer along
with the ARK-5 pointer swing to the right, i.e. the pointers move in the same di-
rection from the zero index. This is the basic difference between the readings of
the GIK and the readings of independently operating DGMK-3 and ARK-5, in which
case the ARK pointer and the small aircraft image on the DGMK-~3 moved in op-
posite directions.

The gyro-induction compass with combined indicator simplifies considerably
the operation of the aircraft under adverse weather conditions. The landing approach
techniques remain the same as when using the ARK-5. Having covered the computed
time tg, p,, the pilot turns the plane on a landing course in such a way that the point-
ers of the ARK and the directional gyro (before coming within the range of the hom-
ing radio station it should be set on a.landing course) would both line up under the
zero index. This is achieved by selecting the correct bank when making the turn.

Pilots who train for landing approach with the GIK find certain unusual fea-
tures in this operation, as for instance correcting errors on a landing course while
breaking through a cloud cover from above. They must become familiar with these
features in advance, even ahead of training flights, in order to avoid navigation er-
rors and to master the use of a gyro-induction compass more quickly.

Through my personal experience in making an instrument landing with the aid
of a GIK, I have arrived at the following conclusions. Whenever, following a wide
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turn, the ARK pointer comes up against the zero index and the' d:irectional gyro
pointer is to the left (exceeding the landing course - Fig. la) it is necessary to ?on..
tinue the turn to the right with a bank of 15-20°, At this time the ARK and the di-
rectional gyro pointers will begin swinging to the left of zero index. :I‘he r.noment
the ARK pointer reaches a point. midway between zero index and the dn.ectmna.l gyro
pointer (Fig. 1b) the turning is stopped and the aircraft continues on this course.
The ARK pointer will continue to move on to the left; as it approaches.the direct-
ional gyro pointer (which indicates the plane's alignment with the la.nd%ng marker
path, Fig. lc) it is necessary to complete a left turn so that the zero index would
line up with the pointers (Fig. 1d).

(] ranway

[l runway

Fig. 1. Adjusting the plane's heading
to align it with the landing strip
whernever the plane's course
exceeds the landing course.

Fig. 2. Aligning the plane with
the landing strip when
the plane is on the land-
ing course.

If on the other hand, after recovering from the turn the pointer of the direc-
tional gyro lines up with zero index (the plane is on a landing course) and the ARK
pointer has shifted to the left (Fig. 2a) then the plane must be turned in the direction
of the deflected ARK pointer until it reaches a point midway between the zero index
and the directional gyro pointer (Fig. 2b) and proceed on this course. When the
pointers are close to each other (Fig. 2c) the plane must be turned in the direction
of the deflected pointers until they are lined up with the zero index (Fig. 2d),

|
|
{
i
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And what about the pilot who has to fight drift on a landing course? With sep-
arately installed DGMK and ARK the pilot, having determined the drift, -heads the
plane in a direction opposite to the drift so that the ARK-5 pointer and'the aircraft
image on the DGMK-3 would swing in opposite directions, away from their zero po-
sitions at an equal angle. If this angle remains steady during further flight, this
fact indicates that the aircraft is not drifting off the landing course.

When fighting drift, the readings of the ARK and GIK directional gyro pointers
will differ completely. The drift of the aircraft will be determined by the deflection

of the directional gyro pointer from its zero index while the ARK

pointer is held at zero. When the aircraft is drifting to the right

Qrunwﬂy of the landing course the directional gyro pointer also deflects

to the right, in contrast to the action of DGMK-3 where under
identical conditions the plane image swings to the left. Having
determined the drift it is best to make the error correction by
placing the plane on the landing course first, and then to start
combating the drift by selecting the angle for completing the
plane's turn in a direction opposite to the drift,

Whenever the directional gyro pointer swings to the right
it is necessary to swing the plane in the opposite direction in
such a way that the ARK pointer would also swing toward the di-
rectional gyro pointer. If the angle of turn is small then the
ARK pointer will lag behind the directional gyro pointer which
indicates the necessity of swinging the aircraft at a greater an-
gle. If on the other hand the ARK pointer rapidly moves toward

©® and overtakes the pointer of the directional gyro, this means
that the lead angle is too great and it should be reduced. When-
ever the lead angle is correctly selected both pointers coincide
and the angle between them and the zero index remains constant
(Fig. 3).

Fig. 3. Selection It is essential to keep in mind that when selecting the lead

of lead angle when angle for drift, the additional turn of the plane is in the opposite

overcoming drift direction to the deflection of the directional gyro pointer. In

on a landing course. contrast to the readings of separately installed iristrurnents

DGMK-3 and ARK-5 on the combined indicator both pointers

swing in the same direction from the zero index during the selection of the lead an-

gle.

Pilots accustomed to piloting aircraft with separately installed DGMK-3 and
ARK units will be unfamiliar with the readings of the combined indicator. In order
to master this instrument more quickly it would be well to sketch on paper a number
of gyro-induction compass readings corresponding to various plane positions on a
landing course. In addition it would be desirable to do the same for a nurnber of
straight-in approaches under normal weather conditions,

The approach pattern of the ''big square' remains the same. But because the
combined indicator has three additional indexes, the landing approach by the above
method is facilitated under adverse weather conditions,

LT
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NIGHT BOMBING OPERATIONS UNDER
ADVERSE WEATHER CONDITIONS

Military Navigator First Class Maj. P.A, Vazhnev

Night flights ‘even under normal weather conditions represent a fairly difficult
kind of training and require firmly established habits, endurance, special precision
and teamwork from the crews. Bombing under these conditions, even in good vis-
ability, is much more complex than in daytime, because of the difficulty in locating
the target. At night the strain for the crew members is greater, a factor which al-
80 may influence the quality of piloting and the accuracy of bombing.

On night flights all the members of the crew have to work under weak artifi-
cial lighting of the cabin and the instruments. This obliges the crew to make all
the necessary preparations and calculations beforehand, so as to reduce to the min-
imum the amount of work to be done in the air.

Because of the specific features of nighttime diffusion of radio waves the pre-
cision of navigational computations using radio direction finders and the hyperbolic
system of air navigation decreases.

The bomber crew encounters even greater difficulties if the night bombing
mission is carried out under adverse weather.conditions. To the specific features
of night flying are added all the difficulties characteristic of flying under adverse
weather conditions: piloting by natural horizon even under clouds is completely pre-
cluded, one has to navigate only by electronic or celestial aids, and to sight only
with the help of électronic means,

While preparing for a night bombing operation under adverse weather condi-
tions the navigators of our unit, who operate radar bombsights, pay special atten-
tion to the choice of easily visible radar check points which guarantee a sure approach
to the target and to the study of the specific features of the target and the check points
located near it, and their reflection on the bombsight scope.

In addition we work out beforehand the ways of using the radar sight for de-
tecting dangerous weather phenomena. We also plan in advance the use of possible
alternate navigational aids for different stages of the flight in case of unfavorable
weather changes.

For successful accomplishment of night bombing missions under adverse
weather conditions, ground preparations and training are of great importance., The
navigators of our unit practice all operations with instrumenats and cabin equipment
?‘l such a way as to be able to operate "blind" in the air, thus using a minimum of
ime.

) T.he navigators also practice on a trainer the order and ways of determining
navigational aad sighting data, and memorize the sequence of operations to be per-
formed on a bomb run. In the light of my own experience I can state that one can-
not expect success in night flights under adverse weather conditions without pre-
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liminary painstaking training.

In our sub-group while practicing on a trainer we take into account the errors
committed in the preceding flights. Thus, during one of the flights navigator M. L
Mezentsev made an error sighting in range. He failed to correct on the target the
previously determined sighting data. Naturally this affected the quality of his bomb-
ing. So while preparing the next flight we helped the navigator to acquire sighting
in range habits with the instruments on the trainer.

It is well known that precise computation of the wind is one of the conditions
for efficient bombing. There are several ways of determining the wind under ad-
verse weather conditions by means of the airborne radio technical equipment and the
ground equipment. We generally determine the wind with the help of radar sighting
of the radar check points, However, in order to determine the wind accurately, the
crew uses several mutually controlling means. How important this is, will ke seen
from the following example.

During a night flight under adverse weather conditions, I divided the remain-
ing leg of flight to the target into three parts. On the first segment, after having de-
termined the wind, I calculated its speed. It was equal to 100 km/hr. On the second
segment, while approaching the target, I noticed a sharp change in ground speed.
This prompted me to check the wind data. In order to make sure of the change in
the speed and direction of the wind and get its real value for the target area, I con-
tinued checking it throughout the second segment in relation to the base and time.
Having established the ground speed I determined the drift angle, and on the basis
of these data got the exact wind vector. The wind speed turned out to be 280 km/hr.

On the third segment I verified again that the speed of the wind had greatly in-
creased. Checking it, I set it on the bomb sight and with these latest data began the
bomb run. The results of bombing were very good for the wind in the target area
had been determined pretty accurately.

No less important condition for good bombing is the exact timing of the bomb
run. In order to cope with this problem, the crew has to check regularly the range
and direction of the flight course. The souner we spot the target on the scope, the
more confidently we operate on the bomb run during sighting. Besides precise tar-
get approach enables the crew to see the target well in relation to other check points
and the configuration of the blip itself as it had been memorized by the navigator dur-
ing the preflight preparation.

The socner the navigator spots the target the more time he has for checking
sighting data (the drift angle and dropping angle). In spotting the target, let us say,
at SR (slant range) = 120-140 km, the navigator will have enough time to measure
the wind vector on the target itself by calculating W by base and the drift angle by
computer.

The navigator's skill in "connecting" the target with other typical and radar
check points is a guarantee for the timely detection of the target and precise ap-
proach to it. Going by the check points the navigator can confidently note on the
scope the location of the target. For this purpose we always prepare a special map
larger in scale than the flight chart. On it we make the necessary lay out and mark
all the check points which will enable us to determine the location of the target on
the scope. This is specially important while flying over an area with few check

points.
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Not long ago our crew had to fly over an area with few check points. Before
the flight the necessary radar check points were marked.

In approaching the target area, I gave the commander the course - 3250, At
the initial point of the bomb run I started the stopwatch. AsI had made all the nec-
essary marks on the map beforehand, 1 had only to watch the time carefully. At
every moment I knew the distance to the target, and when it should appear on the
screen. And I actually spotted it at a distance of about 70 km.

However, to be doubly sure, I had to check my calculations with the help of
other means. On my right, at about 50 km. distance, appeared a radar check point
anticipated by me previously. By connecting the target light to this point I'made
sure that the plane was approaching the target and not some random blip. ThenI
pinpointed the heading of the course by the configuration of the target itself. All
doubts were dispelled. Having made a precise target approach, I was able , in good
time, to sight the target in direction and in range.

But there are times when crews overshoot the target or detect it too late. The
navigator lacks time to accomplish the sighting in direction and range. This happens
most often because the crew had not prepared for flight adequately.

Once one of our crews was carrying out a night 2ssignment under adverse
weather conditions. While approaching the target the navigater became engrossed
in taking wind readings and neglected to control the heading. As a result of the
change in wind the plane drifted off course 30 km. Discovering the error the nav-
igator began searching for the radar check point which, according to his calculation,
had to be on his left. While he was trying to read the situation the check point was
left behind.

An additional maneuver for target approach became necessary, as a result of
which the navigator had to alter the previously planned direction of approach. This
in turn produced difficulties in further control of the flight course and changed the
configuration of the target blip on the sight screen. In order to clarify the situation

"the navigator had to spend extra time, and as a result the sighting was delayed and
he could not drop the bomb. ‘The plane overshot the target. And all this happened
because an accurate and timely bomb run was not ensured beforehand.

Let us now analyse the problem of checking the sighting data in aiming in di-
rection and in range.

Here is a typical example. An aircraft with young navigator, A.P.Dokukin,
was approaching the target. Because of inaccurate drift data the target slipped off
the lubber line to the leftduring the bomb run. The passive attitude and poor ground
training of the navigator became evident: he corrected the target course only by lat-
eral control without using the drift correction control at all.

As he approached the target its divergence from the lubber line became great-
er. More time was needed for changing the course, which resulted in sharp handl-
ing of the controls, especially the drift correction controls, and in bumpiness. The
results of bombing were very poor.

In order to achieve a high degree of accuracy in sighting in direction one has
to effect it with the automatic lateral sight turned on: then the autopilot is more sta-
ble and the piloting smoother. Moreover, experience shows that an error in "BURP"
(bomb run course error? -Tr.) rarely exceeds three degrees before bombing.
Therefore for checking the lateral sighting the drift correction control suffices com-
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pletely. .

In starting the bomb run the '"ABN" and the automatic synchronizer are turned
on, and the sighting data for the bomb run computed.

Before taking over the controls, I check the sight. It has to be precisely po-
sitioned level wise especially in relation to latitude. During "gearch" I line the plane
into the target taking the angle of drift into consideration (it is better to let the pilot
line up the plane). After this I.take over the controls and, if necessary, correct the
aiming in direction. :

While executing the lateral sighting one should strive to maintain stable flight
attitude over the bomb run. One should bear in mind that it is better to make one or
two accurate turns in one direction (the direction of sliding of the target) than make
five or six turns now to the left, now to the right.

It is very important that all the crew should participate in sighting in direc-
tion. Our crew commander always checks the flight attitude by the course indicator.
If there is a deviation of the pointer, which sometimes happens during the flight es-
pecially if the autopilot is not stable, the pilot notifies the navigator not to mistake
the sliding of the target from the lubber line for an error in drift angle and not to
start correcting the lateral sighting. In that case the navigator corrects the posi-
tion of the target in relation to the lubber line only with the turn control stick.

During sighting in range it is necessary that the navigator should have accu-
rately computed altitude Htrue and the speed Virue showing on the computer. Dur-
ing the preliminary synchronization the navigator determines the ground speed W
from the bombardier's panel. He compares it with the speed received from the com-
puter and determines the accuracy of the sighting angle worked out by the sight.
Now he knows whether he must correct the sighting angle ¢ during the basic synchro-
nization.

In order to make the altitude set on the computer correspond to the altitude
over the target our navigators always compare these readings in passing from the
preliminary to the main synchronization. The true altitude over the target is con-
trolled with the help of a radio altimeter, in order to avoid an error, whichin turn
may result in faulty sighting in range during the bomb release.

During both daytime and night bombing exercises, the position of the target
blip relation to the sighting marker during the synchronization and the bomb drop,
is also important. I refer to my own experience. At the moment of synchroniza-
tion I keep the target blip on the tangent with the vertical line. Then, after opening
the bomb doors, ‘I place the target blip on the cross hair of the horizontal and verti-
cal lines of the light filter. At the same moment I center the sighting marker alti-
tude wise relation to the cross line in such a way that when the target blip is intro-
duced into the cross hair, half of it would be submerged in the sighting marker. 1
stop the basic aynchronizatidn 7-10 degrees before the indexes coincide and then
hold the target relation to the sighting marker only by means of the sighting control
knob. This method of sighting in range always gives good results. .

Thus, if the crew works harmoniously, follows strictly all the rules of navi-
gation, and controls systematically the range and direction of the flight course, it
will be able to approach the target on time and strike it with accuracy at night and
under adverse weather conditions.




RADIO AND RADAR WEATHER RECONNAISSANCE

Engineer Major A.S. Smirnov

the meteorologist before the start of
does not make possible a sufficiently
region of the projected flight.

al weather reconnaissance is sch-

The weather information available to
flights under complex conditions frequ-enﬂy‘
accurate description of weather conditions in the?
To obtain the necessary supplementary data aeri
eduled'i‘he weather reconnaissance crew has to determine a large am9|{nt o:fdta}::a
concerning weather conditions, and not on.\y.:latabtl}ilzhnl;}::rzc;l;ailt:(::r:::gzr; Th«zy

so investigate, as far as possible, - Th
‘}’::::ht?a:“cte:ain the altgitude of the lower and upper limits of tlfe clo:g :ovex;l, ;ts
stratification according to height; zones of icing and turbulence; V;El t) Y un ;,o )
in and beyond the clouds; and r]:s,ngermll(si \;ea)ther phenomena (thunderstorms, fog,

ipitations of all kinds.

Yo d:‘:h‘:ec::i,cl;:ﬁcoﬁr Experience in Meteorological Suppt‘)rtl of Flight Urfder u
Complex Conditions', which appeared in No. 11 f’f lagt year's issue ofilthe Jm.x:ln
"Vestnik Vozdushnogo Flota'', the authors described in sufficient detail, ae’Ix‘-;1 .
weather reconnaissance, and there is therefore no need for usl t.o re:peat; d_e p\:;—
pose of the present article is to clarify some aspects of the utxhzlatw: of;ahtx: &
tions in organizing aerial weather reconnaissance as well as during t! e flig] th.

In the air force units insufficient attention has been given to radio wea er
reconnaissance up till now, and in individual air force elements -su'ch reconxfax:sa}:u:e
has not been carried out at all. In our unit, for instance, the opinion ?revaue tha!
radio weather reconnaissance was not particularly useful for‘ actual flight support.
This opinion, however, soon had to be abandoned. Aad now it ljuis already been prov-
en that radio weather reconnaissance, if get up correctly and in a‘well thou'xght out
manner, gives exceptionally valuable material which supplements information about

4]
e welinl'::;ell known that in order to solve successfully the problems conf?ol?ting
it, the weather reconnaissance crew must, prior to. the flight, mal'(e a‘ preliminary
study of the weather situation which can be defined in greater detail with the help
o l‘adiAﬂ ;:,i:;al picture of the distribution of storm nuclei and precipitationA zones
is formed through observation of the signals x'eflect.:ed from the meteorological )
“targets" within the radius of action of a radio station. Inthe same way, det.ermm-
ation is made of the coordinates, area and form of the clouds under observatmx.x, the
direction and speed of their movement and also of the nature of the meteorological
phenonl:xe::::.wotk we make systematic use of radio stations for weatlier observations,
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especially when flights under complex weather conditions are planned.

Usually an hour before the weather reconnaissance mission takes off the op-
erations officer organizes a radio weather reconnaissance. The weather service
officer or a meteorologist on duty is at the radio station or at the mobile PPI unit.
All meteorological 'targets'' reflected on the PPI screen together with the direction
and speed of their movement are plotted on a circular weather chart or-on a storm
chart.

Next, on the basis of the latest weather
charts and radio reconnaissance data, the opera-
tions officer together with a meteorologist on duty
and the reconnaissance. crew determines the exact
weather situation in the flight area. The course
\: of the reconnaissance plane is then plotted accord-
ing to their forecast. Only after all this prepara-
tion in which, as we have seen, radio weather re-
connaissance plays a far from inferior role, does
the weather reconnaissance crew take off. After
completion of the reconnaissance mission, the
meteorologist on duty gives an exact weather fore-
: cast for the flight period, reports it to the opera-
tions officer and informs the flight crew about
weather conditions.

Let us examine the way weather reconnais-
sance was organized and carried out on one of the
flying days in our unit. .

The weather for the flight period was in-
fluenced by an accluded front which moved from
the west with a speed of 20 to 30 km/hr. Before
the take off of the weather recornaissance plane
the following was observed over the airfield: 10-point cloud cover with lower bound-
ary at 2000 meters, haze, visibility of 8 kilometers, wind south-east at 6 meters per
second. Deterioration in the weather, according to data of the synoptic and circular
charts, was expected by 1300 - 1400 hours.

The radio weather reconnaissance which had been carried out confirmed the
presence in the west of a powerful frontal region - some 80.- 90 km. from the air-
field. It was also determined that this front was moving with a speed of 20 - 25 km/hr.

Capt. P, M. Sochinskiy, after studying the preliminary data on the weather sit-
uation, took off on a reconnaissance mission. He reported that there was a 10-point
cloud cover over the airfield, its lower boundary at 2100 meters, visibility at 6 - 8
kilometers, at a distance of 40 - 50 kilometers west of the airfield, the cloud cover
descended to 1500 meters and with visibility at 4 kilometers there was precipita-
tion. He also reported that at 90 to 100 kilometers from the airfield the cloud cover
was descending to 600 to 300 meters, and that the upper boundary of the cloud deck
was at an altitude of 9500 meters.

On the basis of the radio and aerial weather reconnaissance, the meteorologist
on duty, Major A, K, Prokudin, Engineer Service, concluded that the weather in the
area of the airfield would deteriorate not by 1300 - 1400 hours, as had been previous-

Fig. 1. A powerful cloud forma-
tion was recorded on the radar-
scope. This system was con-
nected with the passing front.
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but as early as 1000 - 1200 hours as was subsequently confirmed.

ig. isplays the pos: tion of v the PPI screen two and a half hours
Fig. 1 displ: th ition of the cloud cover on e v

e e dnscen dF\‘li gt ZO%‘ ’Plza5y0 v:::t:ald:nd visibility had decreas-
irfield had descended to - 3 > ! o

e 3°Ve4f I:t\z::tf;ilu ‘1t shows clearly that the situation had chax'xged c::auti::a. az‘ A

sdte B;iore night flights radio weather reconnaissance precedes :’1{ :hx: da;[" e eoed

way, the take off of the reconnaissance plane. inl;]:re ::;‘n:;e; :::ond;ry pupiribont

i i i the weather in our area was Y o

1ng ?11'?:1 ft];:}::;th-:lest and subsequently by the m! of -an occluded front fro;

ing

the west.

Prior to the take off on a weather te.cu:rn-
naissance mission the situation over tI?e airfield
was observed to be a8 follows: 2 6—pou?t .clloud
cover with lower base at 800 meters, visibility
at 10 kilometers, and wind west at 8 - 10 meters
per second. One hour before the tal'se off of the
reconnaissance plane, it was established in the
course of radio weather reconnaissance that to
the west of the airfield, at a distance of 110 -
120 kilometers, there was a powerful cloud
center moving towards the airfield with a speed
of 45 - 50 kilometers per hour: and to the north-
east at a distance of 50 kilometers there was
another cloud center moving southeast away
from the airfield. Thus, one could .expfect over

irfield a powerful cloud formation rom ; corena-
:11:: awl:l:., incrp;asing to the point of solid over- !‘.15. 2. Tl:e s:xl'r;:e:lo:ie:rthe
cast, lowering of its base, deterioration of tion some tim the.airﬁeld e
visil;ility etc. This was reported to the op- :;loud c:v:z:;:z e

i offi i c W e scende - »
el;:“::; :ail?‘::zi:nd the recemnaisainte &° and precipitation had started.
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At a distance of 50 - 60 kilometers west
of the airfield, the weather reconnais vancel g
i ted the beginning of a 10-point =lou )
2‘01::::::;; : ba; at81500 gneters. At a distance of 70 kilometers tlfe.cl'o.ud cove:e-
was descending to 600 meters, there was some ptecipit;otéon,sggg vu:b:l:tz;;;a;di
4 - mete -

i 1 - 2 kilometers; the cloud deck reached : e
c'r::a'.lmcga;: of 6000 - 7000 n-:eters. Simultaneous observation of the duplacemexft of
‘t’l:is cloud cover on the PPI screen enabled us to ascertain that its northern portion

i i d

touch the airfield. The forecast was confirmed. ) ) B

'hD“ldT::: properly organized radio and aerial weather reconn?nucath(wh::::u;:‘
. i i der any conditions the n: e of
h other) make it possible to determine und ny c

ﬂ::::: ::ihe weat)her situation and the time of deterioration in the weather, as well

jive due warning of dangerous weather phenomen.a. ) .
e gl:vies also adviuagble to carry out weather recnnnall!anf:e—duxmg flights by mmz:u
of radio stations available in groups and units, Besides, this type of weather recon:

naissance makes it possible to reach a final decision regarding flights.

1y announced,

S
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In practice it works out as follows: the equipment is at the flight line and
everything is ready for the flights. But at this time, the weather deteriorates sharp-
ly and the flights are called off. As yet, the meteorologists cannot always predict
all changes in the weather. However, such changes as the beginning precipitations
can be predicted by means of the data provided by the radio stations.

Let us cite one more example. Before the night flights, according to the infor-
mation which the engineer-meteorologist had at his disposal prior to radio recon-
naissance flight, radio reconnaissance was organized, during which it was determin-
ed that 100 - 120 kilometers west of the airfield there was a powerful cloud formation
center moving east with a velocity of 20 - 25 kilometers per hour. This meant that
the weather in the area of the airfield would deteriorate sharply in 4 - 5 hours.

Radio weather reconnaissance in this case served as a deciding factor which made -
it possible to give a correct forecast. On the basis of this, the commander cancel-
led the flight. The sharp deterioration in the weather, which occurred soon after-
wards, -confirmed the timeliness of such a decision.

The use of radio stations for weather reconnaissance and observations of the
weather situation during flights, are very helpful for the meteorologists intheir work
to insure flight safety. By use of the data obtained from radio weather reconnais-
sance, it is possibie with great accuracy to determine the areas with dangerous
weather phenomena and the direction and speed of displacement of air masses. With
careful observations, and sufficient experience it is also possible to determine the
state of a cloud center, whether it is dissipating or growing.

It is characteristic that if a cloud system does not contain elements which
cause sharp changes in weather, the cloud cover is not detected on the PPI screen.
Usufliy in such clouds the flight is smooth, without bumpiness and icing.

In the winter time, especially during snowfalls and these usually occur at def-
inite intervals - it is possible through the use of radio weather stations, to predict
the periods of these snowfalls very accurately, Consequently, it is possible to give
due warning to the operations officer and flight crew and to indicate the time when
a safe landing is assured.

The groups and units have every opportunity to employ radio stations for meter-
ological purposes. The more so since the use of these stations for weather recon-
naissance does not at all mean that these stations are being switched over entirely
to the observation of weather elements. The weather reconnaissance can be conduct-

ed at the same time that the stations carry out their primary task - observation of
planes in flights.
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ON IMPROVING THE METHODS OF FLYING INSTRUCTION IN
THE AVIATION SCHOOLS

Captain B. N, Voronov
Nowadays every adequately trained pilot flies under complex weather conditions

and at night. Many pilots master flight at supersonic speeds; they duct bat
training missions in the stratosphere, and carry out maximum range flights.

Under these circumstances the units expect to receive from the aviation schools, °

thoroughly trained cadres of young men, who could become first rate pilots as rapid-
ly as possible, Obviously, in order to achieve this goal it is necessary to improve
constantly the methods of trainee instruction in the aviation schools.

The main elements of flight technique have been set forth in the respective do-
cuments which serve as a guide for both the combat units and the schools. Still there
is a lack of agreement on some questions. Consequently, a young pilot coming out
of an aviation school into a combat unit faces a number of difficulties. He has to
learn all over again, so to speak. This entails a greater familiarization-program
load, unnecessary expenditure of resources, a longer term required for integrating
the young air personnel. In my opinion this happens because there are still no well
established channels for the exchange of experience between the training establish-
ments and the line units.

1 have checked out at our training school, for example, twenty-one young fight-
er-pilots in La-9 and MiG-15, but have no further information about their subsequent
activities. How do they fly? What are their shortcomings? - What should 1, asan :
instructor-pilot, stress in teaching new trainees? All these questions have remain-
ed unanswered because information from the line units reaches the aviation school
rarely or not at all. - The instructor continues using the same methods of instruction.

The instructor personnel of an aviation school has very slow turnover.” New
members joining the staff are drawn either from among the ‘pilots of training units
or from among the yourng graduates. This setup unfortunately fails to introduce any-
thing new and presents no opportunities for becoming familiar with the experience
of the line units.

The line units are in a somewhat different position.  There the instructor per-
sonnel is made up essentially of active pilots with wide experience and many flying
hours. The line uhits are the first to master the new types of combat equipment,
and they are the first to start flying under complex weather conditions. All this
brings many new ideas to flying techniques and methods of instruction. These new
ideas are just what the schools need so urgently. . .

Right now I am serving in a line unit and as a former instructor of an aviation
school I'am especially aware of how long it takes for new developments, originating
in the unit, to reach the school. Apparently not all the schools are sufficiently con-
cerned with beneéfiting from progressive experience or with becoming familiar with

e AT
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new flight training methods, even though all this is extremely important.

Let us cite the following example. In 1955 in-my flight section, I worked with
two graduates of one of the aviation schools. I had no special criticism to offer as
far as their flying technique ‘was concerned. They were quickly integrated: now
they are flying MiG-17's and are successfully forging ahead. But in the beginning
both pilots gave evidence of the same error when flying UTI MiG-15, They failed
to operate properly the rudder, and also the brake during the landing run: - they
pushed the rudder pedal too far forward to keep the plane straight and thus caused
bumpiness. The actions of both pilots were similar to those of a pilot of a Yak-11.
As it turned out later, their former instructor had begun training cadets on a jet
aircraft for the first time back in 1954, 'and before that he himself had flown a
Yak-11. It must be assumed that he had carried over his Yak-11 flight technique
to a MiG-15 passing on to the cadets his own faulty piloting technique. At an air-
field with a wide landing strip such an error was not especially noticeable and there-
fore the senior commanders could not point out the error to the young instructor-
pilot. :
Thus in the line unit it became necessary to drill over again that which the

pilot should have mastered perfectly at the aviation school.

Perhaps this example is not so typical and that the instructor has by now
eliminated this fault in his piloting technique. But it is also possible that he is still
committing this error. If appropriate signals of this kind could reach the aviation
schools how much they would help the instructors improve their work and raise
the quality of training of the graduating pilots! It is absolutely necessary that a
systematic exchange of opinions on the quality of cadet flight training be established:
it will assist greatly in the overall process of pilot training.

It seems to me that the old tradition which was in effect during the Great Patri-
otic War should be revived. At that time the pilots of the aviation schools were
assigned to line units in order to gain experience. After being in the unit for two-
three months they would become familiar with the special features of flying techni-
que, methods of training, the routine of preliminary and preflight preparation, or-
ganizing a flying day and the specific aspects of combat flying. Later on they made
use of all that was necessary, useful, and helpful in their work. Why even now we
could organize detached service for good pilots who are methodology specialists in
our schools, so that they could study the special features of flight work in the line
units and help disseminate the wealth of experience accumulated there during the
post-war years. .

A most urgent demand for the above exists in connection with mastering the
new equipment and the new possibilities in piloting modern combat aircraft. The
technique of piloting chgnged particularly after our pilots had begun to master flight
under complex weather conditions. It is precisely here that new features appeared
in the technique of piloting, and every young pilot coming from the aviation school
encounters them.

, For instance, when making a landing, a fighter pilot in the line unit maintains
a shallower glide angle than at school. This can be explained as follows: the straight-
in landing approach by the GCA system results in a long glide. With a decrease in
altitude the angle of glide decreases. As a result the pilot's view of the landing

markers and the direction of his ground view change. Such a gliding angle is utilized
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in circuits and bumps. This can easily be seen when a pilot, having completed the
third turn at the specified point and the fourth turn at prescribed altitude, brings
the aircraft down to an altitude which corresponds to the glide angle for the GCA
system. During the very first training circling flights, the young pilot is repri-
manded (his glide angle is too steep). This is the beginning of his relearning, be-
cause with a shallower gliding angle the calculation is different, diversion of at-
tention alters, and the procedure for speed and rpm control changes. This can be
avoided by teaching the trainees to use a shallower gliding angle during their com-
bat training phase of instruction (i.e. in the terminal phase of the flight ptog»ram).

Furthermore, pilots flying under adverse weather conditions grasp a number
of principles which greatly facilitate the technique of flying in the clouds. Letus
consider, for example, how to divide one's attention among the instruments - the
speed indicator and the tachometer. The pilot sets the specified rpm for the given
flight conditions and thus easily maintains the necessary speed. But this skill can-
not be mastered all at once. It is not so simple to establish the prescribed speed
if the rpm is to be adjusted to the speed. The pilot has to keep on either increasing
or decreasing the rpm. Whoever has gone through a training program under complex
weather conditions will certainly recall such experiences. Butona jet plane, it is
difficult to select the correct flight aspect by this metbod, because of the plane's
great inertia agd because it is not easy to "catch'' the operating condition of the
engine required for the specific speed. Therefore, if one knows in advance the rpm

- needed for a given speed, it is easy to maintain it, but a new element is added to
the diversion of the pilot's attention, namely "'speed - tachometer.' Unfortunately
this fact is not given due consideration in the initial flight training of cadets in gen-
eral and when training on jet aircraft in particular.

Let us take the experience gained from training at the aviation school. A cadet
flying a Yak-18 and a Yak-11, maintains his speed by the speed indicator, selecting
the necessary rpm, sometimes without reference to the instrument readings (man-
ifold pressure and tachometer). Why evén the instructor does not alw‘ayl require
this of him because it is not provided for in the outline for diversion of attention in
level flight. This outline is as follows: cowling - horizon - speed - bank - angle of
turn, and in addition the course of planned flight. The same applies to climbing and
gliding. .

With these set habits in the technique. of piloting and diversion of attention, the
cadet transfers over to a jet aircraft. If the fighter pilot were training only for flights
under simple weather conditions, this preparation would be quite adeguate. But the
ultimate goal of a fighter pilot's training is the ability to carry out missions under
all possible conditions. Thus the following conclusion is indicated: a pilot must be
trained to fly under complex weather conditions beginning with the aviation school.
Or rather typical situations in the division of the pilot's attention should be stressed
constantly throughout the training process which will then greatly facilitate his pre-
paration for such flights. There are opportunities for achieving this.

While still at the aviation school the cadets must be taught to divide their at-
tention between the speed indicator and the tachometer as well as when flying under
complex weather conditions, The order in which attention is distributed should be
changed to the following sequence: cowling - horizon - speed - rpm. This will but
slightly complicate the training procedure, while the benefit will be great.
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The same can be said about working with a watch. While flying under complex

. weather conditions, a pilot must know how to make use of it. This is particularly

necessary when making an instrument landing approach after passing the distant
homing station, when carrying out flights by using the method of two 180° turns, and
in a number of other instances, not to speak of control of flight time, especially at
low altitudes. If a pilot has hitherto worked but little with a stop-watch and its cali-
bration and with a flying-time knob and its scale, it is difficult for him while flying’
in the clouds, to shift his attention from the other instruments to the stop-watch and
to reckon the elapsed time from it, - The pilot may not manage to set the stop-watch
immediately upon passing the distant homing station or glide path.. Under these con-
ditions each wasted second threatens flight safety. .

It might seem that working a stop-watch and taking its readings would be a
very simple matter, but actually the operation can be rather complicated if the pilot
has not developed the necessary habit. Obviously at the aviation school not enough
attention is given to work with the watch. A trainee rarely uses the time scale and
even more rarely the sweep-second scale (only a few flights on a planned course,
when he times a leg of flight by the sweep-second scale). Of course this amount of
practice is not sufficient to develop fixed habits. Besides, as a rule, the instructors
do not give a rated evaluation for work with the stop-watch.

We should note one other flight characteristic peculiar to aviation cadets as
compared with a young pilot of a unit. This concerns the fact that the airfields of
most aviation schools have dirt covers and consequently broad landing strips, where-
as the line units are based on airfields with narrower concrete or mat runways.

This factor has a bearing on the landing training of cadets. Unquestionably it is much
aore difficult to glide onto the middle of such a runway than onto the wide runway of
the training school airfield. The pilot must be more attentive. One small error
(bank, belated compensation for drift) is enough for the plane to glide down off cen-
ter, thus leading to undesirable consequences. It is particularly difficult for the
young pilot to keep the plane on course while leveling off and holding, when the
lateral displacement of the aircraft (if such occurs) is checked by ground contact.

During the first practice training flights, the young pilots usually encounter
this difficulty immediately, They are not able to divide their attention sufficiently
so as to control the accuracy of approach and determine the distance from the ground,
As a rule, the first attempts at precise landing approach are accompanied by a poor
touchdown when landing is made after leveling off too high or zooming. Why does
this happen? It is quite obvious. At the wide airfield of the school, the control of
the precise approach and letdown until the nose wheel touches the ground, is relaxed.
As a result the cadet develops a fixed negative habit. It goes without saying that
the training must follow the principle of proceeding from the simple to the complex.
Nevertheless, I feel that while the cadet is still in the aviation school, the landing
conditions must gradually be made more complex to simulate those existing in the
regular units. After all, it is not difficult to mark out on the dirt surface with lime,
squares of sand, etc., a strip 60 - 80 m wide.

There is one other unusual feature confronting a young pilot who is beginning to
fly from an airstrip of limited dimensions. It is the element of maintaining the re-
quired direction during the landing roll. The fact of the matter is that deflection of
the plane on a concrete or mat runway is perfectly obvious. The pilot reacts to the
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slightest direction deviation of the plane by braking. This leads to an incorrect
braking procedure and jerkiness of the plane during the roll, Both of these facts
have an undesirable effect on the brakes and landing gear. Statistics show that the
number of untimely brake failures and tire wear is greater, as a rule, in squadrons
where young pilots fly, than in others. This lends support once more to the idea
that cadets should be trained at the aviation school on a runway approximating
standard dimensions.

We would like to dwell on one other matter as well, The standard practice
at the aviation schools requires a cadet to fly solo in the training zone the very
same day he receives a flight check in a jetaircraft for some new acrobatic man-
euvers. If there is a break of more than three days between the flight check and
the solo flight employing the new acrobatic maneuvers, the flight check is repeated.

In the event that the cadet already flies solo in the training zone, he is allow-
ed between flights a maximum lapse of five days and up to eight days toward the end
of training. If the lapse is greater he is given another flight check. This routine
of zone flight training in jet aircraft has been prompted by practical experience,
and so far it has been justified.

The procedure in the line unit is different. There, for instance, pilots 3rd
class, or those of equal status, are checked for piloting technique once every three
months. But such a practice is not suitable for young pilots coming from the aviation
school, A prolonged break between flights has very undesirable effects on the young
pilots while they are becoming adapted to the flying routine of the unit, The breaks
between the flights into the zone (especially in the northern regions of the country)
often last longer than a month. Despite this fact the young pilot is allowed on a
training flight, because officially the time limit on permitted breaks has not been
violated.

We feel that a somewhat different procedure should be adopted for flight per-
sonnel in their first year of service. If the young pilot has more than a fifteen day
break between his training flights in the zone, he must be given a repeat flight check
for the given maneuver.

The urgent task of each commander is to improve continually the training
methods used in teaching the cadets in the aviation schools as well as the pilots in
the line units,. in keeping pace with new developments in aviation. The more success-
fully this task is solved the better the results we will achieve in the combat training
of flying personnel,

A NEW DETACHMENT OF MILITARY PILOTS AND NAVIGATORS, FIRST CLASS

Recently the ranks of military pilots and navigators, first class, were rein-
forced by a new detachment of officers who had achieved a high state of proficiency in
combat training. This superior rating has been awarded to A, P, Sugatov, Ye.A.
Serebr yakov, N. K. Zakharov, I.A.Kolkov, M.I. Shamshurin, N.IL Kireyev, Ye.S.
Virchenko, and many other officers from diverse services and age groups. The
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senior officers enriched by combat experience and the very young officers were all
congratulated by their comrades-in-arms on their being awarded-the highest rating.

Each new military pilot and navigator first class has his own life history and
his own plans for the future. Fighter pilot S. D. Gorelov recently took command of
a group and within a short period achieved noteworthy success in the combat train-
ing of his subordinates. .

Officer V.M. Drygin left for a military academy to round out his knowledge
in the field of theory. Officer V.A.Vasin is well-known to fighter pilots as an
excellent instructor and a good methodologist, who had trained many pilots to fly
under complex weather conditions. Officer Yu.I. Kazak has an important creative
task before him. Together with other pilots he will take active part in further per-
fecting techniques for combat application of modern fighter planes.

A.F.Anikin, a young pilot in the bomber unit, is quite a newcomer to the Air
Force, but by persistent work has mastered in a short time the difficult and exten-
sive program of flight training and combat application of bombers under complex
weather conditions and at night.

At the last inspection check out navigator 1. G. Kuzmichev made an excellent
showing. He had successfully accomplished a high altitude bombing mission on an
unfamiliar bombing range under complex weather conditions. All his subordinates
also carry out precision bombing at various altitudes, and are very skilled in the
art of navigation.

Military navigator, first class, V.1.Sharopatyy upon completion of his studies
at the Air Force Academy, joined a line unit. In one year he succeeded in perfect-
ing his techniques in air navigation and combat application of a bomber. The know-
ledge he acquired at the academy helped him solve new combat training problems.

Military pilots and navigators first class - these are the remarkable cadres
of the Soviet Air Force.
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FLIGHT COMMANDER CONDUCTS FIRE

Guards Major A.N.Kiselev

In talking or writing about a pilot people almost invariably mention that he
was fascinated by aviation since his young days. Already as a child, they'd say,
the youngster saw a plane soaring in the sky, and his fate was sealed. Such things
do happen in life.

But you cannot say that about fighter pilot Yuriy Grigor'yevich Mishchenko.

As a child, of course, watching a plane in the air, he did sometimes burn with de-

sire to become a pilot also, But on other days he would soar on wings of childish

imagination over seas and oceans, sometimes as a skipper, sometimes as a me-~

chanic, and sometimes just as an ordinary seaman - the more so because he was
vorn and bred in Mariupol', where people were
closely bound with the sea. And sometimes it seem-
ed to him that it would be better to become a com-
bine operator, a tractor driver or a car driver - the
grownups have many professions which fascinate the
child's imagination.

But life decided for him in its own way. His
childhood was interrupted by the war. His father left
for the front. On the day that Yuriy turned fourteen,
and that was on the 7th of November, 1941, the 24th
anniversary of the October Revolution, a date so mem-
orable to all Soviet people, the boots of the aggres-
sors were already striking the cobble-stone roads in
the city of Azov shore, and curt orders in-a strange
tongue were resounding.

Adult worries and trials fell to the lot of the
youngster, who together with his mother had to spend

Yuri qri%?rx‘xievnh two long years under Fascist occupation. He saw and

ighchenko experienced a great deal. And it was at that time al-
ready that he made his first decision, not childish any more, but definite and firm, -
to be like his.father, like everyone who had enough strength to hold a rifle, to become
a soldier and fight against the hated enemy.

When in the fall of 1943 the long-awaited Soviet Army came, Yuriy joined its
ranks as a volunteer. And then started the long road of war until one bright May
morning, when the last shot had sounded over the fallen enemy, until the day of
victory.

As a tank driver in the Seventh Separate Guards Motorized Regiment in the
Fourth Tank Army, Y.G.Mishchenko took part in the battles of L'vov, Dubno, Tarno-
pol!, Sandomir, served in a reconnaissance platoon, reached Berlin, fought in Prague.

Flight Commander Conducts Fire

Medals ""For Bravery," "For the Capture of Berlin, w nFor the Liberation of Prag-
ue'', "For Victory Over Germany' onthe youth's faded battle dress spoke eloquently
of his having covered this first hard stage of his career honorably as fits a Soviet
man-and a soldier-guardsman. .

Then soldier's fortune brought him to Bulgaria. There unexpectedly he met
his father, a lieutenant-colonel in the Soviet Army, who passed by other roads -
through Rumania, Yugoslavia, Hungary and Austria. The meeting was a.joyous one.
Father and son proved worthy of each other.

Mishchenko served in Bulgaria for almost a year. Then his superiors noticed
that he had an exceptional artistic gift. In our country every talent is cultivated
carefully, so Yuriy was advised to train himself seriously in the art of painting.

In 1947 he entered an art school in Kiev. But strange to say, although in two
years he finished the school successfully, it was not this school but the air-club
which decided his further fate: It was in this field that the former tank and later car
driver, the man who had just received his artist-painter diploma, found a profession,
a work which was his true calling.

The air club instructor, a man rich in wordly and professional experience,
noticed in the lad qualities of a real pilot. And while training him he tried to develop
those qualities in Mishchenko. He watched student-pilot Y. Mishchenko's first solo
take off, first landing, first flying area flight. And when the training period was
over, the instructor wrote of him in the service record book as follows: 'Proved
himself able, masters flying easily. Did not make a single rough landing on the
UT-2. Feels at ease in any flight attitude, flies boldly and competently, approaches
each problem seriously and conscient iously, has a gift for flying."

In this last remark the very essence of the man is very aptly noted - the man
who disclosed his true calling to those who observed him, and lovingly, fatherlike,
encouraged his growth. - This was a real "pass to life." Further developments con-
firmed it fully.

Y.G. Mishchenko finished the Air Force training school as successfully as he
did the air club. Here too his superiors remarked on this thorough mastery of the
flying curriculum, his endurance in flights, his bold and sure piloting, that he al-
ways keeps his head under complicated conditions and makes decisions correctly
and quickly. )

Here we should qualify the statement. Not only in the first but also in all the
subsequent evaluations of Mishchenko's work his high flying ability is always under-
lined. "He's a real pilot," say all the commanders in his air regiment. Does it
mean that the man had some inborn ability ?

Of course not. In our country pilots are called falcons. Not without reason
did folk wisdom attribute to the pilots the prominent characteristics of these proud
birds - courage, sharp vision, tenacity, lightning-speed reactions and exact timing.
And yet, our pilots are more than falcons - they are men, Soviet men. Persistent,
stubborn work enables them to master the complicated art of flying. They say that
pilots are not born but made. Yes, they are made, if they love their chosen work
and if, sparing no efforts, they march toward their goal day after day.

Step by step Sr. Lt. Y.G. Mishchenko approaches the top of flight mastery.
From the first days after joining a combat fighter regiment, he attracts everyone's
attention through his diligence, his capacity for solving any problems, by going to
the bottom of all causes which escape the superficial observer's eye. Therefore
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all his work is of first quality, thorough, solid. Mishchenko gets unusually high pay,
astonishingly high results in all elements of flight training. )

A check of his piloting techniques shows convincing results. In the great maj-
ority of cases all observers of his circling and area flights give him the highest eval-
uation.

Though more than a year has passed since a certain flight mishap occurreq,
people siill cite it when they want to describe the great piloting skill of officer Mish-
chenko. ! He was given an assignment to intercept 2 target. The pilot quickly took
off, reached the assigned altitude and, following the commands from the GCI point,
began already to approach the target area, when there was heard a sharp blow in the
engine with subsequent engine vibration.

Sr. Lit. Mishchenko immediately reported the accident over the radio and having
determined the best gliding speed for preventing too speedy a loss of altitude, turned
to his airfield. Calmly and accurately executing the commands of the operations of-
ficer, he computed the precise data and then confidently proceeded to make 2 dead-
stick landing on his airfield. Both the pilot and the craft came out unscathed.

After checking the aircraft on the gr ound it was established that the engine had
developed trouble for reasons beyond the pilot's control. The air group commander
in a special order cited the proficient and courageous behavior of Sr.Lt.Mishchenko
during complex flight conditions and rewarded him with a valuable gift.

Faultless control of the aircraft is that basic condition which ensures the suc-
cess of every flight mission. From this stems his confidence in action, his ability
to reach the right decision under the most complex situation and then to carry it out
quickly and efficiently.

If we total up his combat-application flights for the last two years, for example,
i.e.: high-speed target intercept flights, in daytime and at night, under normal and
difficult weather conditions: air 1battle'' missions, attacks upon bombers, gun-cam-
era and live ammunition firing exercises on air and ground targets, and express it
conventionally by the number 100, then we get the following results: out of 100, only
three times were the results below the established norms. On the other hand, 77
times Mishchenko got. the highest evaluation, 15 times the grade "good, " and only
5 times "satisfactory.'" These evaluations taken from his flying records, -eloquently
speak for themselves.

For a fighter pilot the basic, the most important part of combat training is his
ability to destroy accurately a target in air combat. Aerial gunnery training is a
very laborious process. Its culmination point, a kind of test of the pilot's combat
maturity, is the live ammunition firing upon air target.

On a modern jet fighter the pilot's action during attack and firing on a target
take up very little time. But such time is crammed full. In an air attack seconds
crown all the pilot's hard, continuous, persistent work, his searching, his thoughts,
the systematic ground and air training.

All this, without any exaggeration, applies to Sr.Lt. Mishchenko.

If a fighter destroys the target even with two or three shells, one says that his
aiming is quite good. And if the number of hits is more than ten? And if half of the
fired shells hit the target - what then?

Probably the answer would be that such a result was an accident, That's just

what they said at first of Mishchenko's air target gunnery results. But accidents
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cannot repeat themselves systematically. And it must be confessed that it was hard
to believe at first that everything was done as it should be done, that the assigned
firing schedule was observed.

But facts are more cohvincing than words. Of course while continuously search-

" ing for more efficient methods of target interception, Mishchenko could not avoid a

few frustrations. Every experiment contains a certain risk. Once, when the aerial
film revealed after having been developed, that out of four volleys only two could be
marked on the record, the other two having been fired at too close a range, the
squadron commander would not allow anything for the fact that Mishchenko was a
well disciplined pilot and a good flight commander. He wrote on the interpretation
card a remark about that ill-starred firing practice to the effect that the range was
too close for flight safety, and in order that such a thing would not happen again im-
posed severe penalty upon the pilot.

Violation of the rules always brings penalty - such is the requirement of the
military code. And so it also happened in this case. But this incident was men-
tioned at all only to point out that it never happened again in Mishchenko's practice
The results of his firing were more than excellent every time.

People began to show interest in Mishchenko's experience. One flying day a
colonel from the group Headquarters came over and ordered the senior lieutenant
to execute together with him a towed target firing exercise. Having recieved his
assignment and prepared himself for firing, Mishchenko took off on his mission to-
gether with the inspector. When the two fighters approached the target area, the
checking officer, in order to observe better Mishchenko's attack, took a position to
the rear and below and gave a command to open fire when ready. After having ex-
ecuted the necessary maneuver according to the rules, Sr. Lt. Mishchenko closed in
on the target and after sighting carefully, opened fire from the assigned distance and
the established foreshortening of the target. One short volley...and a splash of
flame appeared on the target, showing that the shells had hit the metal parts.

The tow plane reported immediately a hit. Besides the pilots themselves saw
the results of the attack. In the second attack Mishchenko, inspired by his success,
sighted even better. The results surpassed all expectations. The fighter pilot show-
ed once more his air sniper mastership. )

What is the essence of Mishchenko's air gunnery proficiency?

He says that he started his work on improving his gunnery skills by studying
the theory of gunnery, the possibilities of the sight. He did this not only as a duty
during class work. He stubbornly tried to get to the bottom of all recommendations,
to compare them with his own experience. He analyzed many formulas, many com-
plex theoretical calculations. And he did all this only to convince himself that for-
mulas in themselves do not give you anything.

But having said these words Mishchenko thought for a while and then clarified
his thoughts thus: ''these formulas don't give you anything except..." This "except"
was the first revelation resulting inevitably from the theory. The first deduction
at which the pilot arrived was as follows.

The semiautomatic sight ASP-3y anawers its purpose only if the gunner can
hold for 1.5-2 sec. for the focal point of the sighting screen on the target at the fix.
Time is needed to compute the necessary lead angle on the sight. But with today's
speed of the target and the attacking fighter, holding the sighting point steady over
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the fix even for such a short period of time as 1.5-2 sec. is very hard, of course,
_if one observes the firing and safety rules.

What then is the solution? The solution, obviously, concluded Mishchenko,
lies in not trying to hold the focal point of the sighting screen on the computed tar-
get position at all cost.

After many more checkings this conclusion was worded as follows: if target
tracking is done with great (operational) overloading, then fire should be opened
when the focal point of the screen is lagging with reference to the point of the com-
puted target position; if, on the other hand, the overload while tracking is small(the
firing position is taken up "sluggishly" - as the pilots say) - the fire should be open-
ed when the focal point of the sighting screen is set almost on the nose of the target.

In following this procedure the pilot has time for aimed firing, as he is gain-
ing the 1.5-2 sec, which would have been necessary for holding the focal point of
the sighting screen in the computed position.

This is Mishchenko's way of resolving the problem of target-tracking errors.

However, it should be borne in mind that this method of coping with errors
in sighting while intercepting with large and small overloading is very complex and
out of reach for many pilots especially the heginners of aerial gunnery. One needs
great proficiency and well established habits in order to be able to determine vis-
ually the exact moment for opening fire. Therefore, during the training period, the
setting of the sight's central point on the computed target position and holding it
there for not less than 1,5-2 sec. so as to determine the correct lead angle and thus
ensure fire accuracy, still remains the main and the most dependable method in.
determining the moment for firing. °

But where can one find the time required for sighting and firing? For this the
pilot has to execute his maneuver correctly during the attack, and track the target
with an optimum overload which enables the sight to work out the lead angle.

The problem of eliminating errors in sighting becomes still more complex in
8o far as the target has a relatively large dimension in length, but widthwise (height
wise) is quite insignificant (70 cm). And if one considers the fire range (at least
300 m) then this value becomes really small, The slightest error in sighting and
all the firing will be wide of the mark.

Having carefully studied the fighter's weapons adjustment chart and having
compared the values of the ballistic trajectories of the shells above and below the
sighting line, Mishchenko formulated his second conclusion: in order to avoid er-
rors in altitude (depending on the fire range) it is necessary, during tracking and
especially at the moment of opening the fire, to hold the focal point of the sight
very accurately on the determined point of the vertical line, for its smallest os-
cillation along the vertical will result in the shells passing over or below the target.

The position of the focal point on the sighting screen in relation to the target
depends on range, foreshortening of the fire and the plane's angle of bank. The fo-
cal point, as a rule, should be a little higher than the edge of the target.

It is unusual for a pilot to open fire with the sighting point above the target
edge, and also very inconvenient to obeerve it against the sky, but having once de-
cided to try it, Mishchenko became convinced that his calculations were correct.

He became inore and more convinced of it with every new fire practice. His abil-
ity to take into account the many mutually intertwining and interacting factors
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determinating the results of firing, grew together with his experience.

In the final analysis the most important factor in air gunnery is the taking up
of correct position at the initial moment of the attack. ,

How does Mishchenko operate in the air?

After coming abreast of the target with an interval of 100' m on the side of the
approach the pilot makes a turn with a bank of 60° until the tow-plane approaches
the outer limit of the aircraft's plane. Then the pilot starts recovering from the
banking turn and takes up an identical-parallel course. This is actually the initial
point of the attack. . .

The most typical errors in taking up the initial position are too great or too
small an interval at the beginning of the turn. The pilot has to have a very sure
eye. 'In addition, already the first attack will show the essence of the error. There-:
fore, in gunnery training exercises, Mishchenko generally makes his first approach
only with the aim of determining his maneuver with greater accuracy and uses a gun
camera for "firing." .

If the interval was too great while taking up the initial position, one will have
to pursue the target for considerable time during the first approach, and by the time
it will appear on the gunsight at the required distance, the foreshortening will be too
small, about 0/4, and it will be impossible to open fire because of too great an an-
gular displacement of the target, tco great an overload and too small a range.

In the first case the error is corrected during the second approach by decreas-
ing the interval; at the moment of changing to a parallel course the tow-plane is vi-
sible at some distance from the plane of the attacking fighter. In the second case,
during the second approach the tow-plane is covered by the plane of the fighter. At
the same time it is assumed that the target is sighted at an angle of 90°, and that the
distance between the target and the fighter at the moment of the latter's withdrawal
from the first attack is approximately always the same.

Having made an error in taking up the initial position for the attack, pilots
sometimes try to correct it either by "lying in wait'' on parallel courses before start-
ing the deployment maneuver or by starting the deployment maneuver at an angle
greater thar 90° in relation to the target course.

"Time lost for firing" - is the way Mishchenko describes it picturesquely.
Neither by "lying in wait" for the target nor by increasing the angle of deployment
to over 90° can one eliminate the error, for, because of the great angular displace-
ment of the target there will not be enough time for normal sighting and firing. The
pilot must take up the initial position in such a way as not to have a single idle sec-
ond.

Perhaps, for this the approach will have to be repeated once or twice. Mish-
chenko himself sometimes had to make up to five "dry" runs during some of his gun-
nery training. And although this naturally enervated the pilot, still he never pres-
sed the trigger button until he made a precise approach. .

It is well known that a jet plane, because of its sweptback wings, has a tend-
ency to crab in the horizontal plane, a fact which hinders sighting. Possible errors
can be neutralized by increasing or decreasing the angle of bank just before firing.
But at the moment of opening fire, in order to "pull up'" more quickly, the focal
point of the sight into the necessary position, the pilot sometimes causes slippage
of the craft by too forceful pedal movements. If the beginning of slippage produces

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5

44 . A.N, Kiselev

a sharp angular displacement, thus affecting the rotor of the sight's gyroscope,
then a discrepancy arises in the angle between the sighting line and the shell flight
trajectory during firing. This means that the target will not be hit.

That is why slippage at the moment of opening fire cannot be allowed and pilots
are advised to hold the sight's focal point in place by banking the craft. However, it
is impossible to avoid slippage entirely in the process of tracking and sighting. This
is explained very simply. In manipulating the rudders evergetically, especially dur-
ing sharp banking, the pilot, involuntarily, makes uncoordinated movements which
in turn produce slippage. In the process of tracking and sighting the pilot is con-
stantly watching the focal point of the sight and the gating of the target, and has no
time for observing the flight instruments and eliminating involuntary slippage. But
here knowledge and experience come to the aid of the pilot. An experienced pilot
knows that such slippage will neither be important nor constant. In'modern aircraft
it oscillates around some mean point and basically has no great influerice on the re-
sults of firing.

When Mishchenko learned this practicality his firing became still surer, and
not only did he make progress himself, but he also managed to teach the same to
the pilots of his flight.

Some of the pilots had an erroneous notion about slippage: they asserted that
in producing slippage while in the process of tracking and sighting, one could obtain
better results in firing. They would explain it by saying that with slippage during
tracking it is easy to compare the angular speeds of the target and the fighter, which
fact enables them to conduct fire in the same manner as with a fixed grid. Such
statements, pointed out Mishchenko, were incorrect and incompetent.

Sr. Lt. Mishchenko's high proficiency in air gunnery is well known not only in
the unit where he serves but far beyond its boundaries. At the air gunnery contest
the pilot once again has demonstrated clearly his ability to destroy the target with
the first volley.- Fifty per cent of the fired shells found their mark!

) Recently a telegram arrived in the unit, congratulating Flight Commander Sr.
Lt. Mishchenko upon his promotion to the rank of Military Flier Second Class.

One more stage has been reached on the way to the top of flight proficiency.
And tomorrow Mishchenko will go on farther, giving of his strength, his evergy,
his knowledge to his beloved work - to the honored profession of a fighter pilot,
stands vigilantly on guard over the aerial borders of the mighty Soviet Union.

A ROTATING AWARD OF AIR GUNNERY CONTEST GOES
TO THE WINNERS

The hard struggle in the aerial gunnery contest of 1956 between the fighter pi-
lots is finished. Pilots conducted air battles, fired at air and ground targets. Those
of the pilots who hit the target with the greatest number of shells or who gained vic-
tory in air battles were considered as having achieved the best results. Simultane-
ously, the observance of established rules in firing and air combat was taken strict-
ly into account.
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In awards given for personal achievements in air gunnery, the first place went
to Sr.Lt.Y.G.Mishchenko. He hit both the air and the ground targets, respective-
ly in the first attacks. The second place went to Major V.S.Krasavtsev, the third
to Captain Ye.I. Epov.

Good results have been shown by pilot - interceptors. In air combat and in air
target gunnery the first place went to Sr.Lt.I.Ya.Mamon. The second place went to
Major P. G, Nosov who also attained high results. The third place went to Captain O.
A.Kozlov.

Each new point won by a fighter pilot in individual contest gave greater chances
to win to the crew to which the pilot belonged. The first place went to the crew of
which Sr. Lt. Y. G. Mishchenko was a2 member.

The rotating award was presented to the winning crew. During the solemn
ceremony the representatives from various commands warmly congratulated the
pilots who had shown high proficiency in air gunnery training. At the same time
prizes and valuable gifts were awarded to the winners. A motercycle was awarded
to Sr. Lt. Y.G. Mishchenko.

In the above photo, Col. -Gen. P, F, Batitskiy congratulates fighter pilot Sr. Lt.
Y. G. Mishchenko on the high results achieved in air gunnery training.

Photo by V. 1, Kolesnikov
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EQUIPMENT AND INSTALLATIONS
AND THEIR

OPERATION AND MAINTENANCE

AIR MISSILE WEAPONS
Engineer Captain V.M. Volchkov

3. REMOTE CONTROL SYSTEMS OF MISSILE FLIGHT

’

By remote control we mean that branch of telemechanics which deals with the
methods of control of mechanisms or processes at a distance via wires or radio with
the operator present only at the control post. In general the control post may move
with respect to the controlled object and may be located on land, ship or aircraft.

In the case when the jet (or rocket) engine installed in the guided missile per-
mits relatively long-range flight, the guidance system is called upon to insure the
required firing accuracy. Indeed, the control of the jet missile after launching per-
mits correction or a considerable reduction of the errors made in aiming, which are

due to technical dispersion of the missile, and of those arising as a result of th an-
euver of the target, variations of the wind in altitude and dire(g:tion, and the cha:;gx:l

o
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of air density.
At present there are a' number of different system of remote control, differing
in purpose, design and also in the means of transmission of commands. The gener-

~ ation of command. signals with the characteristics which 'depend on the relative dis-

tance of missile and target, and their transmission from the command post by means
of transmitting devices are common to all of them. Command signals received by
the receiving device located in the jet-propelled missile, are amplified and eventu-
ally actuate the servo motors of the control surfaces. The surfaces are deflected
and the missile changes the flight trajectory in the required direction.,

The movement of the missile is usually controlled.in two mutually perpendi-
cular planes; in the vertical by changing the pitch angle and in the horizontal plane
by changing the yaw angle. In accordance with this, the system of remote control
has two control channels: the vertical and the horizontal. One-channel systems are
also possible; they are more compact and have smaller weight. The missile witha
two-channel system is usually stabilized in flight with respect to the longitudinal
axis. This is necessary in order to avoid the steering errors which can occur when
the missile is flying with some angle of bank. The presence of the bank leads to a
situation in which the commands, transmitted from the control point to change the
flight of the missile, let us say, in vertical plane will in fact control its movements
in a different plane, rotated with respect to the vertical through the angle ¢ . The
stabilization is effected with the help of special gyroscopic devices. Rotation of the
missile with respect to the longitudinal axis corresponds to the appearance of an elec-
tric signal taken off a potentiometer, with the potentiometer rigidly connected to the
frame of the missile and the signal take-off arm mounted on the outside frame of a
three-stage free gyroscope. The electric signal acts on the servo motors of the con-
trol surfaces and after a time the missile comes to a stabilized position. It is pos-
sible to do without a specialized longitudinal axis stabilization system in a system of
remote control. In such a case the commands are redistributed by a special device
in accordance with the rotation of the missile around the longitudinal axis.

The command signals can be transmitted to the missile from the command post
via different technicil means of communication. In particular, wire communication
links are used for this purpose. The wire is wound on special spools mourted either
on the mother aircraft or on the missile or on both of them simultaneously. To trans-
mit the required number of commands through the least possible number of wires,
both polarity and amplitude of the current pulses are used. For instance, the posi-
tive current pulse of a certain amplitude corresponds to the command "up'" and the
negative "down''. Usually the remote control systems with a wire communication
link used to control aerial missiles are made of two wires; this permits the trans-
mission of the following commands: '"up", ''down' to the elevators and "left" and
"right" to the rudders or ailerons. The advantages of this type of systems of remote
control are: high insensitiveness to countermeasures and simplicity of operation and
design. But they also have a number of disadvantages. The most serious of these
are: short range of operation, limited maneuverability of the controlling aircraft
and frequent disruptions of the wires with a consequent loss of control.

The most widely used guidance systems are those in which radio is used as
the command link. A block-diagram of such a guidance system is given in Fig.l.
Ultra-high frequency range is usually used for transmission of control signals.
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Equipment operating in the centimeter and decimeter range can also be used for
this purpose. Sucha system consists of a command-coding block, radio communi-

_ cation link, decoding and servo block and in some cases a control system. Com-
mand-coding block includes the command device which plays the role of the origin-
ator of commands, and a coding device. The encoder formulates the number and
the combination of electrical pulses of definite characteristics, required for a par-
ticular command; these signals modulate the radio frequency oscillations of the
transmitter.

The presence of an encoder in the remote control system is dictated by a
number of circumstances. These are: the necessity to have different commands,
which actuate various servo chains on the receiving side; second, because of the
industrial and atmospheric interference which can cause disruption i.e. ignoring
of a given command by the servo devices of the remote control system; third, be-
cause of the possibility of radio countermeasures from the enemy, who strive to
interfere with the normal guidance of the missile and cause the so-called '"false
response'' manifested by the obedience to his false commands. The encoder makes

lez:wﬁ_lmcodﬂ__ltmmi&l_' Lr-m'nl ctun

Command post eguipment Airborne aguipment

Fig. 1. Block-diagram of the remote control system.

it possible to change the character and form of the signals broadcast by the trans-
mitting installation, A device which permits simultaneous transmission of com-
mand signals on several frequency channels can be used as an encoder.

The decoder-servo block consists of a decoder,; amplifier and servo devices.

The decoder is a device which reacts only to a given combination of pulses of
a very definite character. Out of all the multitude of electric pulses received by
the receiving device the decoder passes only that group or that sequence of groups
to which it is tuned. When the simul tr ission of nd signals on
several frequency channels is employed, a series of miniature receivers or sever-
al rf circuits are used at the output of the receiving device as a decoder. In such
a system the servo components react to the control signals only upon simultaneous
triggering of all the frequency channels, which reduces the possibility of the outside
interference (countermeasures) with the performance of the guidance system.

The encoder and the decoder form the so-called selective device, which has
the task to encode the control nds on the jtting side and to recognize
(in other words to select them) on the receiving side. There are many distinguish-
ing characteristics by which various commands can be recognized. For this pur-
pose there are several types of selection: qualitative, code, combination and others.

The qualitative selection is based upon the difference between the signals of
one command from those of another in the polarity of the pulse, in amplitude,
phase, frequency, and also by the number of pulses, their sequence and their dur-
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ation.

Code selection utilizes combination pulses, differing by some characteristics
with a rigidly predetermined sequence and permits a system of remote control which
is free from interference not only from natural causes but also from artificially cre-
ated interference.

In combination selection the servo components are actuated only when several
output components of the decoder are excited simultaneously or in a rigorously pre-
determined sequence. This is the most effective and at the same time the most
complicated type of selection.

After decoding, the signals can be amplified by vacuum tube circuits, magnet-
ic amplifiers, pneumatic amplifiers and also high sensitivity polarized relays which
connect to the executive (actuating) circuits;the field (control) coils of miniaturized
motors which move the control surfaces. Electric motors, hydraulic and pneumatic
actuators and electromagnets are used as servo devices.

The nd device, der and transmitter are located at the command
post. The receiver, decoder, amplifier and the servo components are located on
the missile itself and comprise the so-called ""on board' equipment.

As an example, let us consider the operation of one of the simplest systems,
the system of remote control via a radio link. The system controls the missile in
two mutually perpendicular planes. This is achieved by transmission of four com-
mands from the command post: ''right! or nleft" for control in the horizontal plane
and "up" or "down' for control in the vertical plane. The commands are coded by
means of modulation of the transmitter's carrier frequency by audio frequency os-
cillations, with each command corresponding to a very definite modulation fre-
quency. Thus, the command "'right" is made to correspond to frequency £, "left"
to freq y f2, the and "up" to f3, and "down' to f4.

For missile guidance it is important to determine not only the polarity of the
transmitted command signal but also its magnitude. This can be done, in particu-
lar, by adjusting the time relation between the commands "left", "right" in the hor-
jzontal control channel and ''down', "gp" in the vertical channel.

Let us assume that the total transmission time of the command 'left", tz, and
right t}, (we are considering the horizontal control channel) is constant and equal
tot] +tp = T.

The distribution (allocation) of this time between the commands can be very
different: fromt) = T andt; =0tot] = 0 and t; = T. Here the time relationship
between the commands of the horizontal control channel is characterized by the so-
called command coefficient, which is equal to:

Kpoc, =t1-t .
T

It is not hard to see that the value of the coefficient can change from 1to-1.
A completely analogous expression can also be derived for the vertical control chan-
nel, If the transmission time of the command "up" is 7, , and the command "down'!
is 1, , the command coefficient for the vertical channel is:
K =1 -1,

v.C.

T
The value of the command coefficient is changed by means of the command
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device. The main elements of the simplest command device (Fig. 2) are: special
shaft 1, rotated by the electric motor 2, a control stick 3, connected mechanically
to a group of contacts 4. By changing the position of the control stick the contact
assembly is moved on the evolute of the shaft. The contact assembly (Fig. 3) con-
s of three contact plates with the contacts a and b normally closed. Contact a

Fig. 2. Diagram of the principles
of the command device.

is connected to the frequency generator of

frequency f], and the contact c is connect-

ed to the frequency generator of frequency Fig. 3. Contact assembly of

£5, The shaft has a ridge which divides its the command device.

surface in two halves of equal area (Fig. 4).

‘The shaft is rotated with a constant angular speed, and the period of one revolution
is equal T. When the contact assembly is in the middle of the shaft, the dwell time
of the contacts a,b and b, c in the closed position is the same and is equal to T/2
(contacts b and c are closed when the contact assembly is sliding along the ridgé of
the shaft), Consequently during one of the half-periods the middle contact b (and
through it the transmitter) will be connected to the generator = G, of frequency {j,
and in the next half to the generator G2, of frequency f2, (Fig. 5a) and the carrier
frequency of the transmitter will be modulated by audio frequencies f}, and f;, dur-
ing two equal consecutive time intervals:

tl=tz=;_;hereK.h_C. =0,

If the contact assembly is displaced to the left from the neutral position the
dwell time of the contacts a and b in the closed position will be greater than that of
contacts b and c and Ky, c_> 0 (Fig. 5b). The position of the contact assembly on
the right half of the shaft ia shown in Fig. 5b.

In this way, with the aid of the command device, the operator changes the
command coefficient and controls the movement of the missile in the horizontal
plane. Control in the vertical plane is effected in precisely the same manner; for
this purpose the control device contains another shaft 5, and a contact aueml;ly 6
(see Fig., 2), whose middle contact and consequently the transmitter, is connected
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" ceiver in the guided missile, are ampli-

alternately to the generator G3, of frequency £3 and to the Gq4 of fr

f4 (Fig. 6).

From the preceding it is clear that the carrier frequency of the transmitter
can be simultaneously modulated by a
pair of audio frequencies (f1£3), (f1 £4),
(f2£3), (f2f4), which belong to different
control channels.

C d signals tr. itted from
the control post, are received by the re-

Kr.e=0

fied and fed into a demodulator, which in
this case serves as a decoder. The de-
modulator consists of four resonant cir-
cuits, connected to the plate circuit of the
tube = L, and tuned to the frequencies f],
fp, f3, f4 respectively, and of four half-
wave rectifiers By, By, B3, By (Fig. 7).
Two tank circuits are simultaneously ex- Fig. 4. The surface Fig. 5 Modula-
cited; namely those tuned to the frequen- of the shaft of the tion graphs of the
cies which in a given moment modulate command device. transmitter's car-
the carrier freq y of the tr, itter. rier frequency.
Suppose these are the frequencies f] and f3. An alternating e. m.f. appears in the
resonant circuits F] and F, . Because the principle of the control signal discrimi-

Transmitter

T =
Fig. 6. Diagram of the modulator switch.

nation is the same for the horizontal, as well as for the vertical control channels,
we will consider the process of 1 signal discri ion only in the horizontal
control channel. During the time t] there is an alternating e.m.f. in the tuned cir-
cuit F). The existence of transformer coupling between this circuit and the recti-
fier B] gives rise to a voltage pulse across the resistance R} of duration t] . In the
next time interval tz , the resonant circuit F, is excited and a voltage pulse appears
across the resistance R, of durationty . The rectifiers B and By are connected
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in such a way that the voltage pulse across R} of duration t] will .he negative and
the one across Ry of duration tp will be positive. The time relation between the
pulses (command coefficient) is proportional to the magnitude of the sommand and
is determined by the position of the control stick of the command d}ev1ce. Voltage
pulses from the resistances R) and Rp are fed in sequence to t‘he input of th'e tube
L (Fig. 7). The control winding W of the two-position polarized realy P is con-
nected into the plate circuit of this tube. The relay P connects alternateh( the wind-
ings of the electromagnets E ] and E which energize the flux d!‘o.p out 5w1-tch S.
The tube L is cut off whena negative voltage is applied to its grid. In this case no
current flows in the winding W) and its ampere turns are equal to zero. At this
moment the second winding W2 of the relay P is carrying current. The ampere-
turns AW, in this coil insure the closing of the lower pair of contacts, Fhe electro-
magnet E; is energize ces to the right.

DIAGRAM SHOWING THE PRINCIPLES OF THE
DECODER-SERVO BLOCK:
1 - last amplification stage of the receiver; II - demod-

wlator; III - electronic relay amplifier; IV - actuator
of the flux drop out switch.

1f, however, the grid of the tube L is made positive, a current of such a
magnitude (value) flows in the winding W} of the relay P, that the ampere turns
AW, satisfy the condition:

AW - AW, > AW,

where AW, is the number of ampere turns required to energize the relay P. In
this case the electromagnet is energized and the flux drop out switch S is advanced
to the left. Thus the time of dwell of the flux drop out switch in the position towards
the right is determined by the duration of the negative pulse, and that towards the
left by the duration of the positive pulse. The duration of these pulses, in turn, is
determined by the command coefficient and, in the final analysis, by the position of
the control stick of the command device.
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Such is the principle of operation of the simplest remote control system.

As far.as the passage of signals through the whole circuit of the remote-
control and guidance system goes, it requires a certain (even though small) time
interval, determined mainly by the time constants of the filters, lag in energizing
the relay mechanisms, and also by the inertia of the control surface servos. This
gives rise to a constant error, with which the control surfaces are deflected (fol-
low) following a change in position of the control stick.

The movement of the missile is controlled through comparison of its true
position with the required position at any given moment. The deviation of the mis-
sile from the prescribed trajectory represents a guidance error which is measured
either by the operator or by special instruments located at the control post. De-
pending on the magnitude of the guidance error and the formulated program of guid-
ance the command signals are generated. The guidance error van be measured by
the operator without the use of any devices as well as with the help of radar and
thermal position-check installations. In the first case the operator follows visual-
1y the trajectory of the missile and the target, and their relative position. By mov-
ing the stick of the command device the operator tries to reduce the guidance error
to zero. To facilitate the tracking of the missile, tracers and powerful lights are
installed in the tail section of the missile, However, sucha method of control is
sufficiently effective only with good visibility. Cloudiness, fog, and smoke screens
limit, and in a number of cases completely preclude the application of visual con-
trol method. The flight and the position of the missile with respect to the target
can also be followed on the scope of a special radar station. For this purpose a
radar transponder is installed in the missile. If the target emanates thermal rad-
jation sufficient for its detection, the missile and the target can be followed with
the help of a heat detector. For this purpose a source of infrared radiation is in-
stalled in the tail section of the missile.

. With the increase in distance from the missile to the command point the same
angular error will correspond to linear errors of increasing magnitude. Since the
power of resolution of the eye is measured in angles, wide misses are possible in
the very important terminal guidance phase, i.e., close to the target, especially
if the system of remote control is not combined with an active homing system.

In order to increase guidance precision a television camera is mounted in the
guided missile's head. This enables the operator to follow the change of position
of the missile with respect to the target and the objects surrounding it and to home
the missile accurately on the target. For instance, such a television head is mount-
ed in the American bomb "ROC". This bomb is controlled by commands in the form
of pulsed radio signals which actuate the servo motors of the surfaces, controlling
the poesition of the annular wing. °

A remote control television installation includes: a television camera, tele-
vision transmitter, control components and power supplies located on the guided
missile, as well as a television receiver with screens, located on the mother ship.
The power for the airborne equipment is furnished by the plane's powerplant.

The television equipment is considerably simpler than that used for regular
telecasts, has smaller components and weight, gives high picture definition and is
reliable in operation. The transition from alternate line scanning to progressive
scanning with a large number of frames but smaller number of lines, the increase
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of the pulse width of frame and line blanking signals p: its a iderable simpli-
fication of the circuit and a reduction of the number of tubes and other components
of the television camera and of the transmitter.

The transmitter of command signals has several alternate (interchangeable)
channels which increases its protection from countermeasures and permits a si-
multaneous control of several missiles. To enable the equipment to operate at high
altitudes and low temperatures, the bays in which it is installed are heated.

The receiving television installation is equipped with AGC to eliminate fading.
A high image contrast in daylight work is achieved by use of cathode-ray tubes with
green fluorescent screens in the indicators. The interfering scattered light is weak-
ened by special tinted filters. The first prototypes of the television equipment (in
particular the equipment on the American glider bombs) worked on a carrier fre-
quency of several hundred mc which led to antenna dimensions too large for guided
missiles. This circumstance led to a change in frequency to 100 mc.

The television cameras are usually built with miniature orthicons with image
transfer. With the small (miniaturized) p ts (50 mm in di ter, 220 mm
long), these tubes make it possible to work in bad visibility, on foggy days, and
in dusk, which undoubtedly extends the possibilities of combat application of remote
control systems.

command
device m [transmit- nuln;l-—‘ olecod
device) (1d

Line of 4ight lo the Cargel

Direction le the missile —— m E

Fig. 8. Block diagram of the automatic remote-control
system. The letter & represents the angle of deflection
of the control surface and A represents the guidance
error or the discrepancy parameter.

High guidance accuracy, increased range of combat applicability with respect
to light diti , are undoubtedly advantages of these remote control systems.
However, judging by the experience of its combat use in the Korean war, the missiles
equipped with a television head for guidance were not sufficiently protected from
countermeasures.

As was alteady mentioned earlier, the guidance errors can be determined with
special equipment of the target lock-on type ployed in the homing systems located
at the.command point. Such devices permit automation of homing of the missile on
the target, and hence the elimination of the operator from this process. In some in-
stances the aiming process is so rapid that the operator has no time to respond to
the change in the homing error. Therefore the measurement of the homing error,
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formulation of the guidance’intelligence, and its transmission to the missile are car-
ried out automatically without the intervention of the operator in automatic systems.

Fig. 8 shows a block-diagram of the automatic guidance system. In contrast
to the block-diagram of the usual non-automatic system, this diagram has a device
for measuring homing error. In addition, its command link is a complicated com-
puter installation..' The guidance error is fed in the form of an electric signal (vol-
tage) into a special computing device which automatically generates the required
command intelligénce, depending onithe magnitude of the error and a number of ot-
her factors.

There is an alternate version of the automatic system of remote control used
in the guidanée of pilotless fighter-interceptors armed with guided missiles. This
version, as shown in Fig. 9, requires simultaneous use of two tracking installa-
tions equipped with range finders. One of these is employed to track the target, the
other to track the missile which in this case is the fighter-interceptor. Direction
finding radar is most widely used in tracking installations. The data on target and
fighter movements is continuously fed into the computer device which in turn con-
tinually generates command intelligence. By following these commands, the fight-
er aircraft is kept on a trajectory which insures its arrival in the attack position.

Vs
j{tﬁiinlcrupt \i
point

\

\ !
compuler ~~_ \\ / .
instaliation and i missile-tracking ~ v t:ry;:;‘l:v;“”!
command signal Linl radar

T/nm the carly
warning radar

Fig. 9. Missile guidance system with an automatic remote control.

In particular, the American pilotless fighter-interceptor ""Bomarc'!, designed
to destroy aerial targets at altitudes where the antiaircraft missiles of the "'Nike"
type lose their effectiveness, is controlled with the aid of an automatic guidance sys-
tem. After "Bomarc" has been launched into attack position by the remote control
system, the aerial combat missile "Falcon" is launched. This missile is equipped
with an active homing head.

The beam-riding system of missile control and guidance occupies a special
place. Its distinguishing characteristic is that the control signals and the necessary
corrections are generated by the equipment on board the missile itself. The com-
mand point, which can be located on an aircraft, on ship or on the ground, gives
the trajectory with the help of a tight radar beam which the guided missile can ride.
The radar tr itter, located at the nd post, has a parabolic dish antenna
with a rotating dipole;. the longitudinal axes of the dipole and the reflector are dis-
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placed with respect to each other. As a result, the main lobe of the radiation pat-
tern moves with an angular velocity, describing a cone in free space. The axis of
the cone represents the direction of the scan axis. In this way a radio beam is form-
eA with variable cross-section intensity, the intensity decreasing towards the center
of the beam.

The command signals can be formed in different ways. One of these consists
of making use of a total of four antennas, located on mutually perpendicular con-
trol surfaces. The missile's receiving antennas are connected to the main circuit
of the on-board control equipment. Electromagnetic oscillations in the form of
pulse signals;, received by-the antennas are amplified and fed to a circuit which
compares the horizontal and the vertical control channels responsible for generat-
ing the command signals. After smoothing, these are fed to a relay which governs
the action of the control surface servos. The equality of signals received by all four
antennas signifies that the missile is moving along the scan axis aimed at the target.
As soon as the missile moves off the scan axis, its receiving antennas receive sig-
nals differing in magnitude.

For instance if the missile is above the scan axis the pulse signals from the
upper antenna are greater in magnitude than the pulse signals received by the lower
antenna, The discriminating circuit (differential amplifier) of the vertical control
channel into which both of these signal trains are fed yields signal differences.

After averaging these are fed to the relay of the control surface servos responsible
for control of the missile's flight in the vertical plane. The relay has two positions
and the direction of its action is determined by the polarity of the formulated signal
By energizing the relay, the servo of the control surfaces of the vertical control )
channel is actuated. Completely analogous is the working of the horizontal control
c}.nannel. As a result the control surfaces are deflected in such a way that the mis-
sile returns to the direction of flight determined by the scan axis. This tracking

of the scan axis takes place during the missile's flight from the moment of launch-
ing to the moment of interception of the target.

) Another method of generating of the command signals in the radio beam con-
nsfs of making use of the phenomenon of amplitude modulation of the radio-pulse
train received by the missile's receiving equipment. The command post, which
ho.uses the radar unit, the missile and the target can be located in straig;xt line. In
this case the missile's receiving installation receives the energy radiated by th.e ra-
dar transmitter, in the form of a sequence of radio pulses, with the amplitudes of
t}fese pu:'lses being equal. In this case the pairs of commands generated by the mis-
sile equipment to control the movement of the missile in the two mutually perpendi-
cular planes will be equal in magnitude, but opposite in sign. As a conse uenl::e th
control -aurfaces remain in neutral position. If the missile has deviated fgom the )
sc'an. axis the sequence of signals will be amplitude modulated. The signal charact
erizing the deviation of the missile from the scan axis is automaticall s lit b e
equipment on board in two parts, one of which ref i 7 SPLIL B the
sauipme ers to the yertical, the other to
n:l onzont?J control channels, These signals are compared with the reference sig-
na-l: tl;aox;st;r:;t;d 1:: the tiommand post, which leads to generation of command sig- ¢
na ;omrd Chanid:‘ action of the control surface servos of the horizontal and verti-

The beam riding guidance system is widely used for controlling the flight of
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modern missiles. It is considered to be one of the best among the systems of re-
mote control for air-to-air missiles. An important advantage of the system is that
it is possible in principle to simultaneously control several missiles. Among the
system's disadvantages should be included its comparatively small range of opera~
tion which is especially true of the missiles launched from mother planes and espec-
jally from fighter aircraft. The second major shortcoming is the possibility of en-
emy countermeasures with the help of special transmitter installations and also the
possibility of deflection of the guiding beam by metallized tapes shot into the air.
With the approach to the target the linear error in the missile's position with res-
pect to the scan axis increases proportionally to the increase in distance, a rather
undesirable characteristic. This circumstance necessitates the use of tighter beams.
A tight beam, however, has a number of shortcomings. For instance the capture of
the missile by the beam subsequent to launching becomes more difficult, and the pro-
bability of its exit in violent maneuvers of the target increases. The solution to the
problem is found in the combined use of two radio beams; of a tight riding beam
and a rather broad beam, used for capturing the missile after launching. To in-
crease the guidance accuracy, 2 combined system of guidance is installed in the mis-
gile. For instance, the American beam riding air-to-air missile "Sparrow' is
guided by a semi-active homing system in the terminal flight phase.

Beam riding guidance systems are also used in the initial stage of flight of
pilotless aircraft and ballistic missiles.

Of all possible methods of remote control, the simplest is the line-of-sight
or the three point method. The principle of this method is that the missile is main-
tained on the line of sight between the command post and the target. The operator
who watches the missile flight continuously sees it at all times in coincidence with
the target if on course. If the missile deviates from the line of sight between the
command post and the target, the operator (or an automatic system) gives com-
mands, which return it to this line again., Such a homing method can be used with
the usual remote control systems as well as with the systems of control by televi-
sion and alsc with the beam riding system. The missile's trajectory is curvilinear
in this case. Overloads (stresses) occurring during the missile's flight reach their
maximum in the terminal stage of flight. This leads to the possibility of the target
avoiding interception by the missile. In view of this, the above method cannot be
regarded as the best for destroying aerial targets moving at high speeds.

In automatic remote control and beam riding systems the methods of homing
on a predicted point and the methods of free control of missile flight are widely used.

The principle of guiding to a predicted point is that the direction of the mis-
sile's flight is rigorously oriented with respect to the target and depends on its
speed and direction of motion. Under ideal conditions (when the speed of the target
and the direction of its motion, as well as the speed of the missile are constant)
the missile flies in a straight line, which leads to insignificant overloads. Under
operating conditions the target maneuvers and its speed and direction of flight
change. As a result, the data fed into the computing device by the target tracking
radar are transformed into commands that guide the missile to the so called mo-
mentary predicted point of interception.

The method of free control of the missile, carried out with the help of two
radar units is the most flexible. One of the radar units tracks the target, the other
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tracks the missile. The computing device i8 connected to the radar and can formu-
late command signals, which guide the missile along a trajectory which satisfies

2 Aumber of Teguirements (among these can be included the requirements of mini-
mum overlozds).

Other mesthods of guidance aTe possible.

The most promising are the automatic remote control systems and the beam-
rider systems.

The best defense against guided missiles is the skillful maneuvering of the
aerial target, creation of organized interference with the control systems and trans-
mission of false commands. Maneuvering of the aerial target should consist of
turns. of the target in such 2 direction that the missile will undergo maximum over-
loads which may prevent it from carrying out orders transmitted from the command
peint.

| o |

MODERNIZING THE EQUIPMENT OF REPAIR DEPOTS

Engineer Major N.Ya. Frolov

Every year new equipment is added to the aircraft repair depots. Worn out
and obsolete machines are replaced by modern ones which are more efficient and
convenient to operate. But along with this large reserve, the repair depots are con-
fronted with the task of modernizing the rest of the machines on hand. Along with
the installation of new equipment the leading repair depots modernize the existing
machinery pool. By speeding up the production processes and by mechanizing the
Jaborious auxiliary processes they are raising the productivity and improving the
working conditions of labor.

In a2 number of our repair depots pneumatic drills, hammers, and wrenches
are widely used and automatic turrets, lathes, loaders, and jibs are in operation.

The experience of the leading depots indicates that due to the improved design
of parts and the equipping of machines with new attachments the labor productivity
has increased 25% and in some instances even up 1.5-3 times, while the working
conditions have improved considerably.

At the depot where officer A.A. Trofimovskiy is in charge, designer G. Z.
Vechkhayzer, foremen V.Ya. Kortunov and G. Ya. Brazhnikov, workmen N, A, Dudni-
kov, N.V, Tatarinov and others have modernized an SP 162 lathe. They designed
and built a new gear box, which doubled the rate of shaft revolutions (from 500 rpm
to 1000 rpm). Journal bearings were replaced with antifriction bearings which per-
mitted working the lathe for long periods without repairs. In addition a hand brake
was mounted in the gear box, which made the lathe more convenient to operate and
cut down the waste of the unproductive man-hours. Moreover, the flat drive belts
were replaced by V-shaped ones. All these improvements increased production
1,5-2 times.

At the same depot other machines have been remodeled. Thus, for example,
according to specifications a special screw-cutting lathe centered at 850 mm was
needed for repairing a jet engine. There was no such lathe at the depot. How did
the innovators resolve this problem? They suggested mounting special parts under
the head and tailstocks of the screw-cutting lathe which they had at the depot, and
then rebuilt the top carriage of the lathe. In addition special parts were built for
drive transmission from gear box to the feed unit. As a result repair of large jet
engines became possible.

Much in the same way screw-cutting lathes centered at 300 mm were remodel-
ed to accommodate the overhauling of the VK-1 jet engines. Drawings were made
for modernizing the obsolete screw-cutting lathes of the "Udmurt" model, which
were ear-marked for scrap metal. A new gear box with antifriction bearings was
built for these lathes; and the design of the apron mechanism was altered. The
modernized lathes became more convenient to operate. Ina number of other lathes
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the shaft bearing units and carriages were rebuilt. There are many such instances of live creative initiative of the innovators.
At present the same plant is manufacturing thread-rolling att:achments for .the . ) Repair depots where machine modernization, operation and mechanization of work
transverse planing machines, and these have increased the produf:tlon rate 3-6 times. is well organized, as a rule, fulfill and over-fulfill their production norms.

In the military unit when officer P. K. Grafov is in charge with comrades V.D.
Gorlov, A, P.Gorokhov and others assisting they have built mechanical cutters for
cutting structural iron. This made it possible to supply the workshops with pro-
perly sized material.

This military unit manufactures small parts - bolts, nuts and screws for all
the Air Force repair depots. In mass-producing the parts they make efficient use
of automatic turret lathes, cold-upsetting machines and thread generating machines.
The cost of parts is cut by 1/2 - 2/3 as compared with manufacturing them on the
spot at every depot.

When gearing up for mass production of some parts this military unit encount-
ered difficulties - special machinery was not available, Here is where the innovat-
ors of the unit helped out. For instance, special small machines were needed for
facing and counter boring of nuts. Comrades Gorlov and Gorokhov rebuilt a small
obsolete machine which at one time was used for valve buffing, they made a special
carriage which made it possible to face and counterbore the nuts simultaneously.
Innovators V. F, Stepochkin, A.A. Leonov and A. L, Yegunov have developed a special
machine for this purpose.

The operating principle of this machine is as follows: by shifting the hand le-
ver of the headstock to the right, the shaft is engaged; the nut is screwed onto the
chuck inserted into the shaft. When the hand lever of the tailstock is shifted away
from the operator the face of the nut is tooled, while by shifting the hand lever to
the left the inner edge is taken off. After taking off the edge the spring returns the
shaft of the tailstock into the initial position. When the hand lever of the tailstock
is shifted toward the operator and to the left, the outside edge is taken off. Shifting
the hand lever of the headstock to the left throws the shaft into reverse and the nut
is taken off the chuck with a wrench. The delivery head of the tailstock slide block
is limited by braces.

This same team of innovators has built a specially designed cutting tool for
simultaneous facing and counterboring of nuts and also cartridge fuses for nut thread-
ing drill presses.

For tooling the bolts (for VK-1 engines) which have a ball-shaped cap and a
complex pattern of cuts, the innovators modernized the machines of obsolete design
- thread milling and turret lathe. They built for them a number of additional attach-
ments for simultaneous fixing of a large quantity of bolts and tools. In this way ma-
chines of obsolete design are used effectively for bolt tooling.

As a safety measure the grinders and the guillotine are equipped with. photo-
electric cells.

M. K. Tirik, head mechanic of comrade U. L Shvedchikov's military unit, toget-
her with a group of machinists and skilled workmen have built and installed a device
for pneumatic removal of shavings from the carpenter shop, and also mechanized
the coal delivery to the boiler room.

In comrade M. S. Kolenko's military unit, the innovators have built a duplicate
milling machine jig for milling the generator hoods. This facilitated the work of the
operators and sharply increased the productivity of the operation.
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DILIGENCE, SKILL, INITIATIVE

Senior Lieutenant M.F.Rebrov, Engineer Service

The wan light of early morning shines weakly on the airfield installations
powdered with snow. A small neat hut glistens white at the very edge of the field
to ’:he side of the apron. This is the workshop of the group handling regulations
adjustment and repair of electrical and instrument equipment. From early in the
morning a business-like bustling activity begins here.

The hut looks attractive and unusual on the inside. Everything in it reminds
one of a small science laboratory. Neatness and order are all about, Tables
stands, and mountings are arranged along the walls for checking various instr’uments
and assemblies. Over them hang neatly drawn electrical diagrams, placards, rules
for use of individual instruments and mountings. Instruments and register 1.ates
are carefully kept in special compartments in the table drawers. Every scfew—
;i:x:er, every wrench, even the smallest, has its own place and its own marking.
w:r;u‘;z::;s. are assigned not only to electrical or tool specialists, but also to each

Aircraft instruments are neatly laid out in a
spacious closet. On the shelves are plates: "instru-
ments for installation on an aircraft', "instruments
for ¢hecking', ''barospeedgraphs', ''mountings."
Expendable materials are kept separate - safety wire
electric wires, ''durites', spare parts, etc. '

The regulations work group is headed by Senior
Technical Lieutenant A.Ye.Gusel'nikov - a -modest
and industrious officer, who knows his aviation equip-
ment. This man, the originator of many mountings
and stands, has five author's certificates to his cre-
dit. Gusel'nikov completed aviation mechanic school
for special services in 1942. He worked as mechanic
on electrical lighting network ‘in training programs for
flight commanders. And now for over 13 years he has
been with a regiment in which, during the war years
he fought gloriously from Smolensk to Koenigsberg '
Although he had become a good specialist in instrux‘nent
ax.xd electrical equipment, Gusel'nikov did not abandon

his studies and in 1946 completed a correspondence

c;“lﬁsg for radio mechanics. "An excellent man, a

skilled specialist, and a disciplin i g

ment. In 1954 he was appointre,tl cige(f}filfc:}:e x)': ﬁlz:i;hev e oa

actually that the communist Gusel'nikov's orgaiizatio:x:l‘zork T e
alents came to the fore.

Senior Technical Lieutenant
A.Ye.Gusel'nikov

Diligence, Skill, Initiative

As in every important undertaking the formation of the regulations work group great-
1y interested the soldiers. Difficulties were encountered at first: there were no
quarters, there was insufficient equipment, experience in working with the new system
was lacking. Everything was set up with their own hands. They worked day and
night, at the same time carrying out regulations work on planes.

Regulations work is the most important integral part of the technical opera-
tion of air force equipment, and the special equipment of a modern jet plane is a
large and complicated set-up. A thorough checkup of it is no simple matter. Such
a checkup requires not only the detection of external damage but also the knowledge
of how the special assemblies behave under the various operating and load condi-
tions that may arise during 2 flight. During their free time they often had to pour
over books, and study descriptions of factory-made testing installations. The main
difficulty, however, lay in the fact that there was not enough testing apparatus.

Much effort had to be exerted to arouse the creative initiative of the subordinates,
and to imbue them with the aspiration to perfect methods of testing and repairing
instruments and assemblies.

And now the small team from the group, by searching persistently, was mak-
ing simple and convenient devices which facilitated the testing of instrument and
electrical equipment. Various plans would arise, the first sketches and drawings
would be made, and these gradually took the shape of neat diagrams.

During the first few months, the efficiency experts of the group developed
devices which facilitated the testing of aircraft headlights, "thermo-alarm'' devices,
presses for testing manometric instruments, an oven for drying silica gel and others.
Many units were developed from the ideas and drawings of the group chief. Thus
Gusel'nikov designed a gyro horizon trainer - an original unit for testing the booster
pumps in the aircraft fuel system, a device for bleeding the dynamic and static con-
duits of the air pressure intake, mountings for control of pressure signal apparatus
and trimming tab control motors. All this enabled them to make a significant re-
duction in the time needed for testing and to raise the quality of the regulations work.

The question of the technical know-how of the electrical mechanics and in-
strument workers became acute. The characteristics of technical proficiency are
neatness, exactness, and good organization of work; and many soldiers were lacking
in such qualities. Not infrequently it would happen that while working on a plane,
some soldiers would even ignore the rules laid down in the instructions. Once Pri-
vate M. K. Verbitskiy was replacing an oxygen apparatus. He set about his work with
dirty, greasy hands, thus violating the basic safety rules. Inan attempt to complete
the task as quickly as possible, he failed to plug the stub pipes of the oxygen appara-
tus. Verbitskiy is a capable mechanic, but he lacked sufficient organization and neat-
ness in his work. Gusel'nikov reprimanded him, and after work he assembled the
entire personnel of the group and, summing up the events of the day, explained to
the soldiers what sucha violation of instructions could lead to. Owing to the high
chemical activity of compressed oxygen, even if an insignificant amount of oil and
dirt got into any assembly of the oxygen equipment, an explosion or a fire could
result. Now such incidents have been eliminated from the work of the group, and
all the specialists have become convinced, by many examples, of the fact that equip-
ment lasts considerably longer if it is handled competently and with love. .

The group chief conducted several training exercises with his subordinates
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r%ght on a plane, showing them how to carry out separate operations connected with

dismantling, mounting, and testing of special equipment by the use of testing units
and various devices. He paid a great deal of attention to the correct use of instru-
ments, testing apparatus and to the meteculous observance of the technology of reg-
ulations testing and repair.

In 1955, Gusel'nikov as the best efficiency expert was sent to an exhibition
of the work of efficiency experts and inventors. Among the large number of various
dfavices and test mountings, there were also on exhibit many stands for testing elect-
rical equipment. Studying the diagrams of the starnds carefully, he pondered more
a‘nd more over the problem of how to make the stands less bulky and at the same
.time how to use themn for testing a considerably larger number of assemblies. And
such a stand was made.. The efficiency experts of the group expended a great deal
of work on it, changing and perfecting the design. The difficult days of searching
were over. The stand is now finished and makes it possible to check all types of
relays, gauge strainers, starting coils, a starting panel, a starter, 2 carbon voltage
regulator, an automatic starting-time device, volt-ampere meters, and also to re-
ch?tg.e batteries. This compact and convenient device has been highly rated by
aviation specialists and is widely used in other units of the air group.

The work in Gusel'nikov's element is conducted in such a way so as not to
overlook a single defect or even the most insignificant malfunction. In each indivi-
dual case, a careful analysis is made of the failures of the special equipment, the
causes g%ving rise to them are brought to light, and effective methods for det’ecting
and eliminating the malfunctions are looked for. The chief of the group records the
most typical and difficult cases in his log.

An incident that occurred with a gyromagnetic compass is int: i
ample. Once, after some flights, pilot Captaii V.T. Mat’;osov cor;;i:is:e!:ig;bf::t et:-
working of the instrument in the air. The turn indicator needle on the distant 1-0-e
magnetic compass kept oscillating all the time and moving unevenly durin| tur;glz f
t}'le plane. A test directly on the plane yielded no results. Various suggegstions v‘/)
gwen,Te;n atterlx:;:awas made to replace the amplifier, but.all in vain. ) e

e WOr! y was drawing to a close, the technici
and the reason for the strange behavior of the instrumenatn}fag‘“:oio:::: !::e:xh? pladnes,
Returning to the group, Gusel'nikov ordered everything to be made read foro‘u; ; h
j:;t. Al ;‘l?:k;?arts of the assembly were placed in turn, but the result \zas thcae sze::e
mst:’f;i;t_l ing hard, trying to get at the reason for the abnormal functioning of the

"] ,et's switch it on once more," said the officer.

And at this point Gusel'nikov directed his attentio: i i
ly unessential detail - at the moment that the PAG-1F t:::s?;:rinoel:o\:’angt:een;mg-
something would make a strange howling sound. The transformer was r 1‘1ne ;m,
and the instrument began to function properly. The transformer was takep o

It turned out that at the moment it was switched on, the magnetic s e‘n i%part.
Koop amwinding. ystem in it would

A detailed analysis in such cases makes it i

¢ y possible not only to train th i
to c%—neck the aircraft instruments and assemblies carefully and to foster in t];eeso:ldlers
feeling of responsibility for the care of aviation equipment, but also enables t}:;1 :
regimental engineer to plan correctly an assignment for preventive inspection day

Diligence, Skill, ‘Initiative

of matériel. The group specialists bring to light various defects in the process of
the functioning of the assemblies on the plane or on the stand. The typical symp-
toms of these defects.are recorded in the group in a special log,. where the outward
symptom of the failure and its cause are pointed out. For example, the voltage
generator grows with an increase in speed of rotation up to more than 30 volts - a
break in the circuit of the operating coil of the carbon voltage regulator, OT - spark-
ing under the brushes of the electric motors - brushes worn out or-broken down, etc.
Officer Gusel'nikov strives persistently to improve the quality of the regulations
work and to cut down on the time needed to carry it out. Thus, formerly,  the air-
craft's instruments and assemblies undergoirg inspection in the group, would be re-
moved from the plane and taken for a checkup in turn.. But experience has shown

‘that this entails inconveniences. Now they are all removed from the plane at the

same time, and transferred to the group in a special box. - At first glance it seems
that the innovation is actually not so great, but this way much less time is spent on
the work, Another difficulty lay in the fact that when a plane's generator was checked
or when it was removed for replacement, much time was spent on dismantling the
plane. A way out of this situation was sought for a long time, and it was found: a
special wrench was made, "a sly wrench' as it is jokingly called, with which it is
possible to remove the generator without dismantling the machine. Examples of

this kind are not rare.

Many men were at first frightened, for example, by the structural complexity
of the gyro horizon. Even if they found some insignificant defect, they would sum-
mon a plant representative. Frequently it would happen that the representative was
held up and there was no properly working instrument on hand for replacement. An
incident is brought to mind, which put an end to this situation. Once a gyro horizon
was brought to the group with the complaint that the gyro motor would accelerate
sluggishly when it was turned on, and that during a flight an obstruction of the spher-
jcal scale was observed. A test of the instrument on a special mounting gave no re-
sults, and there was no new one on hand.

"Maybe it would be better, after all, not to wait for the plant representative
but to try to do it ourselves, ' thought the officer.

The instrument was taken apart. It turned out that one of the correction motors
was not working, because the brushes in the slip ring assembly had become slightly
burned. When the carbon and fouling had been cleaned off the brushes and the gyro
horizon was tested again according to all parameters, they were within the specified
norms.

The group chief is responsible not only for carrying out the regulations work
promptly and well but also for the technical training of the per sonnel, for their ed-
ucation. The group chief is a single-commander - 2 Jeader and indoctrinator of the
troops.

In order to weld the element together into a single combat unit, the commander
must always take many factors into consideration: the character, habits, tendencies,
and professions of his subordinates. Only by knowing thoroughly the positive qualities
and the shortcomings of each man, will he be able to train skillful and disciplined
soldiers.

Officer Gusel'nikov spends a great deal of time in the barracks where the
personnel of the group are quartered, systematically sees to maintenance of order
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in their quarters, and requires that his subordinates always be neat and smart, that
they have the outward appearance and bearing of real soldiers. In an effort to be-
come better acquainted with his subordinates, he often questions them in simple free
and easy conversation, about their service, their difficulties in training, and about
their relatives and friends; and he tells them about himself. Such contact brings
people close and helps them overcome difficulties and achieve success in work.

And the element has had considerable success. The quality of their work with
aviation equipment has risen, the ranks of outstanding men have grown. Sergeant
S. M. Badanin and Private N. N. Morozov have been awarded the chest insignia of
"Outstanding Airman.' In a unit order of the day, Privates M. M. Lazurenko, M.K,
Verbitskiy, and others were proclaimed outstanding in political and combat training.

Much effort and energy was expended and many joys and failures were exper-
jenced, before the group team assumed a foremost position. Let us take Private
Morozov, for example. During his first days of army service, the soldier could not
keep up with his work: it was difficult for him to become familiar with the matériel,
especially electrical circuits, he had no practical work habits, and he felt no re-
sponsibility for carrying out an assigned task. The group chief had to exert a great
deal of effort to help the young soldier. He would show Morozov the correct proce=
dure for conducting separate operations in dismantling and installing equipment, how
to check it with a testing apparatus, how to eliminate defects which had been detected
and then he would observe how the latter did all this by himself. Time passed. From
day to day the soldier became better and better acquainted with the "secrets' of
technical operation and maintenance . He would study the equipment carefully and
was mastering his special field. Persistent work brought success.

Once during a preventive test on a MiG-type trainer, it was discovered that
the automatic protective grid in the circuit of the trimming tag control motors was
developing malfunction. The men started to look for the cause.

"t's a short circuit," decided Morozov. ''But where?"

The difficulty in determining the location of the defect lay in the fact that the
autematic protective grid included two trimming tab control motors and two electric
turn indicators. After mentally setting up an electric circuit, and after consulting
with the group chief, he decided that a positive wire was shorting. Upon checking
the motors, he became convinced that everything there was in good working order.
Cons@equenﬂy, the defect had to be looked for in the circuit of the turn indicators
which were switched in, in parallel fashion, in such way that one wire led to the auto-
matic protective grid. Working with a needle, Morozov checked in turn, all the sec-
tions of the circuit and between the first and second compartments he discovered that
a positive wire was making contact with a stringer.

An individual approach to each soldier of one's element occupies an important
position among the various forms of training work. But in this respect as well,
Gusel'nikov does not act in a stereotyped manner. In one case he encourages a sold-
jer who has encountered difficulties in his training or in his work and tries to build
up the latter's confidence in his own powers; and in another instance, he becomes
even more exacting, requires perseverance and persistency, makes the soldier
study and work to his full capacity.

Aviation specialists understand the role the regulations play in the general
complex of the technical and flying operations of the complicated electrical and'in-
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strument equipment of an aircraft. They also understand that the most important
and basic way to achieve mastery is through painstaking daily training, and through
the search for new more efficient maintenance methods.

Sergeant S. M. Badanin carrying out regulations work on
a dismantled aircraft.

While training his subordinates, the group chief strives to create conditions
approximating those of combat. Thus, the element would not infrequently carry out
regulations work at night under complex conditions. But even in these instances
all the work would be carried out efficiently and on time. More experienced com-
rades too would help him.

Much credit for the formation of the group goes to Major M. S, Kurguzov, Tech-
nical Service, the unit engineer for special equipment. An experienced worker, 2
skillful leader, and a tactful comrade, he helped Gusel'nikov overcome the difficult-
ies the latter had encountered, exerted a great deal of effort and energy to bring
about efficient work on the part of the regulations work group. .

A feeling of keen responsibility towards one's assigned task, high stan‘dards
imposed on oneself and on one's subordinates - that is what assured Gusel'nikov's
success.

What is the net result of all this work? An inspector's checkup has shown
that the group's equipment is in excellent condition. Gusel'nikov's group has been
placed in competition with the best training bases and regulations work groups.
...The express train was carrying Gusel'nikov to a far-off cit?r. Before him
was a year of intensive training at an advance training school for OgICE!?. But the
group chief was calm: he had placed the management of the sroup in reh:vible hands.
The officer has faith in his subordinates, knows that the soldiers have sk;llful hAands
and they do everything conscientiously. His deputy is SerAngant S. M, Badanin, an ef-
ficiency expert well known in the group, outstanding in political and combat training
who commands the respect of his comrades. Such a man will justify the trust.
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because of repeated shifting of bases connected with the forced withdrawal of Soviet

FROM THE H IST"RY OF SOVl ET AVIAT[ON . troops to the east. All this made the struggle against 2 technically well equipped
m— i enemy more difficult. ! S )
’ Speaking of the conditions of combat activity of Soviet aviation which FOO.k part
( i in the battles of Rostov, st not overlook the circumstance that the axthelvds
‘ on which the air units were based were located very far from each other and this
hampered the organizing of co-operation between air units and ground forces. There
was considerable trouble too in the tactical control of air units and groups. The few
air units were distributed evenly among the combined arms groups. But there‘wete
SOVIET PILOTS IN THE BATTLE OF ROSTOV IN THE FALL OF 1941 § few aircraft under direct control of the commander of the front, a situation which
limited the possibilities for concentrating its efforts in the most important sectors.
Major V.N. Myagkov, Candidate in Military Science
— seate

0

The combat operations of the Soviet troops in the Rostov-na-Donu area in the oVorashilovsk
fall of 1941 constituted one of the main events during the first months of the Great
Patriotic War of the Soviet Union against Fascist Germany. In the course of these | 7 Kamansk©
battles the German Fascist invaders suffered great losses in manpower and combat i Gortovke © 184
matériel, a fact which exerted considerable influence upon a number of subsequent 374

. N N ou' 01
operations. The Soviet Army succeeded, under difficult conditions, in stopping the M"My:,t:,::b osvnfdtz»:’l(ERN FRONT
advance of the Fascist troops on the southern wing of the Soviet-German front, in -SOUTHERN FRONT
inflicting heavy losses upon them and then in throwing them back beyond Rostov.

Soviet air forces also took active part in these battles, side by side with other i o
branches of the Soviet Army. 5 4"AIR FORCE [Kuighy ilo- . Novoshakhtinsk
A 4 3

As is well-known, by October 1941 the Hitlerite invaders had succeeded in ¢ g Shakhtyo

reaching the line running through Artemovsk, Gorlovka, Novo-Pavlovka, D'yakovo, y X ’ ﬁ“ novo-Nesvelayskoye
&
la

Novo-Peviovhe

o5tatino

Lysogorka, the Tuzlov River, General'skoye and Chaltyr' (see the map). The ene- Halveyer K s eynikero 94
my's 1st Tank Army which had been reinforced by units of his 4th Air Force and Poluterte N hsafidro ’:”Tf‘” "",?.‘.‘L‘j‘é”
which had been advancing along the coastline of the Sea of Azov, was seeking at all ¥ ;zy;’ y'\)
costs to seize Rostov-na-Donu, a large administrative, industrial and cultural cen- ”
ter and an important communications hub, connecting the central areas of the coun- fgaroi
try with the Caucasus. %
The Fascist Air Force based mainly on the airfields of Stalino, Taganrog and =
:,Aarmpol‘ (now Zhdanov) consisted of up Fo 100 fighters (Me-109 and Me-110), & LEGEND"“ of Soviet air combat operalions during
ombers (Ju-87, Ju-88), and 20 reconnaissance planes of various types. 1 == Frontline by Che end.of 16 November © b pariod of 2123 Novemiber
) Sf)viet troops, made up of the Southern Front and of the 56th Army, were offer- z ;::’;ﬁ.‘.i’;t;z: ::i://?g::ﬂ::’r O,‘,’,‘.iiﬂxﬁ;‘:if'f,iiﬂ:’.m‘ﬂ;ﬁf;ﬂ’/ﬁtm
ing resistance on the southern wing of the Soviet-German front. In number of planes, : 0‘"“'/f"i"ii"f‘""""”?“""""’"Y"”P' éjwi:taﬂaﬂazbmuuﬂ m/wi:ammm
the air force of the Southern Front and of the 56th Army was not inferior to that of o the btllfils duringlheperisd of 7 Mo 4 e
the enemy.“ Yet, as also on other sectors of the front, up to 80% of its planes were
of obsolete design. The pool of new bombers and ground attack planes was too small.
Thus, for instance, there were in all 17 ground attack planes in the 4th and 5th Re- Diagram of troop deployment neaxr Rostov
serve Air Groups. Besides in the air units there were many planes in disrepair.
Thus, some air divisions had only 10-15 serviceable aircraft each.
Repair. of matériel and supply of the large air units became extremely difficult

All these facts prove that on the eve of the battles of Rostov, conditions had

shaped up extremely unfavorable for Soviet air forces. .
The enemy, superior in manpower, srtillery, and patticularly in tanks, turn-
ovember 1941. The troops got the assignment first to fight

1. Ministry of Defense archives, stock 319, inventory 391557, {ile 1, sheet 12 ed to the offensive on 5N
2. ‘Ministry of Defense archives, stock 319, inventory 391557, file 1, sheet 13
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- arez and then to seize Rostov, with 2 thrust from the
+h and noTth-sasi.  FieTce battles flared up in the northern regions of the Rostov
fots zlso operated very energetically and vigorously in these battles.

4 were the main objective of our air operations, 28

he Order of Lienin carried on very
ions under the command of Air Force Major General S.G.
Ground attack pilots of this regiment kept
ztely enemy troop rocket shells, machine
e. Nikclay Sinyakov, pilot and Komsomol member particularly
mself here. He would make two or three sorties a day to attack the
German Fascist tTo0ps. During one mission the courageous Komsomol member
bravely engaged an enemy fighter plane in aerial combat and shot it down. On 30
October 1941, clay Sinyakov repeated the immortal exploit of Captain Gastello
by crashing his ‘burning plane into 2 column of enemy motor vehicles with ammuni-
tion.

Besides using bombers and ground attack planes, the Soviet command started
bringing in fighter air units equipped with I-15, 1-15-2, 1-15-3, and 1-16 planes for
operations oveT the battlefield.

Thus a group of Soviet fighter planes made up of eight 1-16 aircraft of the 88th
Fighter Air Regiment was given the assignment to strike an assault blow at the Hit-
lerites who were advancing in the region of Bol'she-Krepinskaya. While carrying
out this assignment the Soviet pilots spotted a column of approximately 20 tanks
which had broken through into the rear of our ground units. There was also a group
of Soviet tanks not far from the enemy column. Wishing to help their own tankmen,
the Soviet pilots decided to Jead them to the target. They came down over the Soviet
tank column and then, with a2 zoom followed by a dive, they pointed out the target by
first attacking the enemy tanks themselves. Fighter planes in a dive attack struck
2t them with Tockets and cannon fire. Following the fighter attack on the enemy tanks
came the attack by our tankmen. Several enemy tanks were destroyed. The attack
of the enemy tank column had been halted.

Fascist air units supporting the advance of the 1st Tank Army kept striking at
our troops on the battlefield as well as in the immediate rear. In groups of 30-40
planes, enemy Ju-87 and Ju-88 dive bombers covered by fighter aircraft, frequent-
ly bombed our troops. One’ of the primary tasks of the Soviet fighter units was to
beat off these air raids. Our fighter-pilots made 5-6 sorties a day.

As a rule each air battle took place with numerical superiority on the side of
the enemy. Nevertheless, the Soviet pilots with their sudden decisive attacks kept
inflicting losses upon the enemy. As a rule they carried out the attacks in a direct-
jon away from the sun or from behind clouds, in an attempt to rout the enemy with
the first blow. As was shown by the experience of that time, repeated attacks seldom
succeeded in downing the enemy.

In the course of a defensive engagement a rapidly changing situation required
a great expenditure of manpower and resources to carry out air reconnaissance. AS

[ —
3. Mimistry of Defense archives, stock 319, inventory 391558, file 1, sheet 72.
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a rule, this reconnaissance was organized, with consideration being given to one's
own manpower and resources as well as to conditions which would ensure the sud-
denness of .its execution. Visual air reconnaissance was usually carried out by a
group of fighter planes. But if it was hecessary to obtain air photos of the most im-
portant objectives an SB reconnaissance bomber was detailed with strong fighter co-
ver. Air reconnaissance sorties were often accompanied by air battles.

For instance on 8 November at 13:30 hrs a flight formation, made up of three
1-16 planes and one I- 153 was conducting a reconnaissance in the region Agrafenovka,
Bol'she-Krepinskaya, and Nesvetay. Eight Me- 109's attacked the flight formation.
Flight commander Jr.Lt. Dvorskiy, the pilots, Lt. Bogrov, Jr. Lt. Prikhodchenko
and Sgt. Kuznetsov accepted combat in spite of the numerical superiority of the enemy.
Forming a circle our fighter planes successfully repulsed the enemy attacks. - The
plane of the flight commander was damaged in this air battle. In a burning aircraft
Dvorskiy landed on territory, occupied by the enemy. Sgt. Kuznetsov chose a suit-
able landing place close to the spot where the commander had landed, made a suc-
cessful landing, took him aboard and thus saved his life.

A, 1. Pokryshkin who subsequently became 2 Hero of the Soviet Union three
times, proved to be an able air reconnaisaance pilot in the battles of Rostov. Ina
MiG-3 plane he carried out air reconnaissance assignments excellently, under the
most complex weather conditions, and supplied his superiors with valuable informa-
tion. For skillful execution of responsible assignments, A.I Pokryshkin was award-
ed the Order of Lenin.

The offensive of the enemy lst Tank Army was halted on 9 November by the
joint efforts of the ground troops and the air forces, on the line running through
Roven'ki, Biryukovo, and Novoshakhtinsk. After this, the Soviet troops began to
prepare for a counteroffensive. The main task in the approaching counteroffensive
was assigned to the 37th Army, which had been newly activated as part of the South-
ern Front. From the area north-east of Shakhty units of this army were to attack
Bol'she-Krepinskaya on the flank of the 1st Tank Army, in order, through joint ac-
tion with the 9th and the 56th Armies, to destroy the main enemy tank grouping,
which was operating on the southern wing of the Soviet-German front.

The main forces of the Southern Front air force were detailed to support the
37th Army. By special order of the Military Council of the Front, a series of air
units from other armies was attached to the 37th Army. Moreover, the latter was
to be supported by the 5th Reserve Air Group, the 22nd, 66th and 76th Air Divisions.
As a result, 153 serviceable planes, making up the greater part of the entire air
force of the Southern Front®, were successfully concentrated in the direction of
main attack.

The AF Hgq Southern Front worked out a plan of combat application of aircraft,
according to which the air forces were to solve the following problems: win suprem-
acy in the air by attacking airfields and destroying enemy planes in air battles; sup-
port the advancing troops of the main attack forces of the front, by destroying enemy
tanks, artillery, and manpower on the battlefield and in the immediate rear; carry

[
4. Ministry of Defense archives, stock 319, inventory 391558, file 1, sheet 74
5. Ministry of Defense archives, stock 319, inventory 391557, file 1, sheet 13
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on interrupted air reconnaissance and battlefield observation. with active air support. Having broken through the enemy defense on 23 November,
Before the beginning of the offensive, it was planned to use the full strength they reached the Tuzlov River and seized the important ‘strongpoint of its defense -

of the Air Force of the Southern Front, to strike a blow at the enemy comba} for- the Bol'she Krepinskaya stanitsa.

mations in the zone of advance of the 37th Army. The air force combat action plan From 20 to 23 November, the air units of the Southern Front took advantage

was drawn up for the entire operation, for each of its stages. . of an improvement in the weather to give considerable support to our advancing

In spite of the limited time available for the preparation of a Counterc?ffenswe troops. During these days they made 1609 combat sorties inflicting coneiderable
(from 10 through 16 November) th of the front carried out a consxde.rable | losses on the enemy in manpower and equipment. ' Their attacks were based main-
amount of work in organizing coordinated action with ground troops, in repairing ly on air reconnaissance data, but sometimes they also acted according to requests
matériel, and in setting up on the airfields reserve supplies (fuel, aerial bombs) made by ground troops. While solving these problems Soviet pilots fought also a-
necessary for carrying out active combat operations. To insure close coordinated gainst enemy antiaircraft weapons, for which purpose special aircraft were detailed
action with ground troops and more reliable control over the air groups, their com- from the groups.
manders organized auxiliary command posts in the jmmediate vicinity of the main Such was the case on 20 November when an sttack was made on a concentra-
line of defense. tion of enemy troops in the region of the state farm ""Ovoshchnoy". Nine 1-15-2

All measures connected with preparation for the counteroffensive were given fighter planes and three I-16's loaded with demolition and fragmentation bombs and
close attention by political organs and party organizations of air units and groups. covered by six LaGG-3 fighter planes set off on this mission. Several crews from
By means of their organizational and educational work, they as sisted the command the air group were detailed to neutralize the fire of enemy antiaircraft artillery.
in preparing for the operation as well as in mobilizing personnel to carry out as- Dive bombing from an altitude »f 500 m our pilot: destroyed three tanks, six motor
signments. vehicles and one antiaircraft gun. The group suf/ :red no casualties.

On the eve of the offensive brief meetings were held in the political sections The fighter pilots who fought most effectivery against the German Fascist air
of the air groups, at which the political workers of units and elements received spe- . » force were those who were able to attack the enemy suddenly and energetically, open-
cific instructions for organizing party political security of combat activities. The ing fire when at close range. In such cases they often succeeded in gaining victory
units and groups held open Party meetings at which measures were discussed aim- without any casualties even with a very unfavorable correlation of forces.
ed at attaining the best fulfillment of tasks assigned by the commanders to the flight A group of fighter planes headed by Sr. Lt. Luk'yanov was to strike a blow on
and technical personnel. By their personal example, the Communists and Komsomol a concentration of enemy motor vehicles in the Alekseyevo-Tuzlovka area. While
members, fired the enthusiasm of vast masses of pilots. The high morale and po- crossing the front line Soviet pilots noticed eight Ju-87's trying to bomb oux troops.
litical zeal with which the Soviet pilots greeted the order to turn to the offensive At an altitude of 1200 m, our fighters resolutely attacked the enemy. After the first
was an important prerequisite of their successful actions in battles. attack they upset the combat formation of the enemy bombers and after shooting down

The offensive of the Soviet troops began on 17 November 1941. After half an two planes, they forced the remainder of them to drop the bomb load on their own
hour of artillery preparation, units of the 37th Army attacked the enemy at 09:00 ! troops.
hours. The Hitlerites had not expected the advance of our troops. Having broken The not always correct utilization of new planes that arrived as replacements
the resistance of their forward elements, the Soviet troops began to pursue the hast- (Yak-1, MiG-3 and LaGG-3) must be considered as an esgential shortcoming in the
ily retreating enemy. On the first day of the offensive our trocps advanced 16-18 combat employment of fighter aircraft of that time.. Many pilots attempted to con-
kilometers. But, owing to unfavorable weather, utilization of the air force was lim- duct air combat in them, by applying horizontal maneuver alone, though the advan-
ited during the first three days of the offensive. Only individual aircrews, best pre- tages of the new equipment permitted a large scale application of vertical plane ma-
pared for flight under difficult weather conditions, were called upon to carry out com- | neuver.
bat missions. In the main these crews carried out air reconnaissance assignments. i Supporting the advancing traops, the front-line bombardment aircraft kept
Some shortcomings in the combat operations of the ground troops as well as the lack striking blows at the enemy's ‘main strong-points and resistance centexs. How ef-
of necessary air support could not but have a telling effect on the results of the offen- fective the bomber assistance to the ground troops was may be seen from the in-
give. The enemy succeeded in stopping the advance of the main striking force of the stance of the seizure by our troops of D'yakovo, a strongly fortified enemy strong
front on the line running through Dar'yevka, Astakhovo, Boldyrevka, and Rodionovo- point.

Nesvetayskoye. Our ground troops fought stubbornly fuor more than 24 hours against the Fas-

The Fascist Command, deciding that the Soviet offensive had been definitely \ cist troops defending D'yakovo.: It was decided to utilize bomber aircraft to neutral-
yroken, dispatched the main forces of the 1st Tank Army to seize Rostov. After . ize the fire system. On 23 November, nine SU-2 planes delivered an attack on the
fierce battles, the enemy occupied the city, yet he could not develop his advance a-
gainst Northern Caucasus, because the main striking force of the Southern Front of ! .

Soviet troops threatened his weakly protected northern flank. 6. Ministry of Defense archives, stock 319, inventory 391558, file 1, sheet 94
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On 20 November, troops of the 37th Army renewed their offensive, this time ! 7. ibid., sheet 89
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e by N
nemy troops in D'yakov:). Immediately after the bomber attack, units of the 136th
an a:itacked the enemy and seized this large strong point of his defense.
et r a. vance of tie Soviet attacking units presented a threat of encircle-
thenF:) the main forces of the ist Tank Army of the enemy. To avoid encirclement
e ba sclzst Command w 18 forced to shift hastily part of its forces from Rostov to
Rost:eabtht?ugh area. 'This, however, not only weakened the encmy's defense of
nee vc,) \;t it also cr-ated favorable conditions for Soviet Army units to seize the
ab s N n 27 November v‘;hfz troops of the Southern Front, after having regrouped pre-
Thus'y,' ] 'n’ned an oi:fenswe against Rostov from the northeast and from the south.
o e;:;:“ efforts of t{ae Soviet air forces were directed at supporting the troops of
a:saun k;:nd 9th ArmzeAs,'advancing on the city from the north. Bombers and ground
lanes kept striking blows at enemy combat formations in the area of Nes~
vetay, Sultan-Saly, and Bol'shiye Saly.
Frinpd s
P rl.ngfthese.demslve days of the battles for Rostov, combat activity of the
oner :fathaeni'r ortce Zlcrea(;ed greatly, He shifted air units to Rostov from other gec-
ont. ccording to reconnaissance data, 110 :
ron ) enemy planes were mas-
;ied cndthe au:flelds of TaAganrog and Mariupol' alone. The Soviet air forces de-
verelta series of bombing and strafing attacks on these airfields
airﬁemsw;so::Zf:::nijltltackssd fighter planes that carried on operations against
3 88! Y. us, for example, a flight of I1-2'
1. P, Mos'panov destroyed ei 8 . . i o0 Y, o
yed eight planes® on the Taga irfi i
| h ganrog airfield during o ti
alg::. tMore than once, Capt. Mos'panov successfully led groups of grgou.::z ;::a‘:lt
grav:- oJcav:ry out Fhe most responsible combat missions. He died the death of the
o wa:n u:: 1942 in the region of the Kagal'nitskaya stanitsa of the Rostov oblast'
T:os ! umously awarded the title of Hero of the Soviet Union '
4 he pilots of thelZ‘?Bth Fighter Air Regiment also were no 1e.ss su ful i
estroying enemy matériel on airfields. ceess "
o shiﬁstot‘;l:;:?; attfaillfs on enemy airfields forced him to disperse his materiel and
s of his air groups further to the rear; thi
: : th i
eifectxgg an improvement of our Air Force's prospect; in ]t;::‘id ot but resnit a
Tank A:l 29 D;O(\:lembet, Soyiet troops liberated Rostov. The rout.n.d units of the 1
] rﬂistin.m:lt of General Kleist began to withdraw to the west, The ~)o§ietAai f e,
". g the ground troops, kept bombing the columns of the retreati g ?TCE:
oopn& particularly at the crossings over the Mius River o enting Fascist
evertheless our troops did not succ i i ¥
. eed in disorganizing th
;ompletely.v He consolidated his position at the Mius River ar%d :: tir}:—my's mehent
aganlr;l:o%l.'l From 5 December on the fr ...t line became stabilized ? approaches to
e counteroffensive at Rostov, Joviet y
) s troops and ai its infl
ious defeat on the enemy's 1st Tank Army. Duringpther::' alf rotte mfucted P e
ern Front Air Force made about 4000 sorties? in spit. croffensive, the South-
'I:he battles of Rostov were the first school in combr:t acti Uomlplex Weather conditions.
tion for many Soviet pilots who later became able ai ?_Ctlons in an offensive opera-
clomenta, wnite and proups. e air fighters, and commanders of

v .

8. Ministry of Defense archives,; stock 319, inventory 3915 ile sheet 99
inistr) £ h,\- y 58, file 1,

9. Ministry of Defense archives, stock 319, inventory 391557, file 1, sheet 13

Soviet Pilots in the Battle of Rostov in the Fall of 1941

SOMETHING NEW IN THE N.Ye. ZHUKOVSKIY MUSEUM

In 1956, thousands of people :~2d the N.Ye. Zhukovskiy museum which was
founded by decision of the Council of Ministers of the USSR at 17 Madio Street, Mos-
cow, where N, Ye. Zhukovskiy had worked from 1915 to 1920.

A great amount of very valuable materials connected with the life and activity
of N.Ye. Zhukovskiy has been concentrated there. The mueseum has acquired his
private library (5000 volumes) as well as part of the A, M. Kovan'ko library. Man-
uscripts of the works of Nikolay Yegorovich Zhukovskiy, the first works of TsAGI
(the Central Aerohydrodynamic Institute) and many interesting documents of various
kinds, have been collected.

Restored and on exhibit is the origin
lev and built in 1909 by the students of the Moscow
the supervision of N.Ye. Zhukovskiy.

The museum has recently recei
signed testimonials by Sergo Ordzhonikidze,
Wilhelm Pieck and other prominent figures,
Aerohydrodynamic Institute.

The glider of Otto Lilienthal,

1895, has been restored.
The aviation hall has rec

al flat wind tunnel designed by A.N. Tupo-
Military Technical School andes

ved a whole series of new exhibits including
K. Ye.Voroshilov, Henri Barbusse,
regarding the work of the Central

presented by the latter to N.Ye. Zhuk

eived models of the A, N. Tupolev planes, including
the Tu-104 plane, the hydroplanes of G. M. Beriyev and helicopter ranodels.

Much work has been done in une: ~thing and as=embling materials, particular-
1y photographic documents., Dozens c¢: 'olders, containing testimonials and diple-~
mas presented on various occasions to ., Ye. Zhukovsiiy, have just been brought
together at the museum.

The exhibits include materials on airship building.

The museum staff is do:ng research work on the unpublished znd little known
materials concerning life and activity of N.Ye. Zhukovskiy. At present Nikolay

ovich Zhukovskiy's unpublished letters, as well as letters addxessed to him
made . sady for the press.

& scientific board of the Cz 1 Aerohydrodynamic n-iiiute and

held a joint meeting “< mark the 110th
4 paper entitled"'On Joired Vortexes"
2% :nd its significance in the develipment of

J scientist and technician, Prof.¥. S. Pyshnov,

Tey

sientifir Memorial Mur

Lieutenant General of Technical ices.
At the present time.a =mi ovie auditorium is being set up, whers tocani=

cal films on aviation will Le shown.

V.1 Maslov, Director
N. Ye.Zhukovskiy Scientific Memorial Museum

, . “ i
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READERS SUGGEST

EVALUATING THE RECONNAISSANCE QUALITIES
OF AERIAL CAMERAS

- co"f‘l}&iix:slatfxtve estimate of photographic equipment in various aircraft of differ-
often requires a comparative evaluation of aeri
; v 3 erial cameras from th
standpz;ntthof the effeclt:veness of their application to aerial reconnaissance ‘
mate o e pretsfnt time separate parameters are compared in the relative esti
e aerial cameras, permitting onl i i ir re
et asenin malistan, " g Yy an approximate evaluation of their re-
recon:afif;::;;;.‘;l“; ?ééronm;l pl}'loposes a new method of .quantitative evaluation for the
aalities which, in his opinion, e S i
comparative evaluation of them’. ? ¢ enable one to make & more precise
fonow’iI:;e p;l}r:clpal rteqllllirements put on the reconnaissance aerial cameras are the
. ey must photograph in one run the i ¥
0 : greatest possible area {wi -
:1dt:rab}§e exposure of the terrain in width along the flight route) carry(::tt}fll'a l?:m
A : te), 1,
5?1‘:1:3- o}t‘fgraphy with a requxred amount of longitudinal overlapping at gteategst
e flig speed%, and yield aerial photographs with sufficiently large scale of .PQS'
age mé&hotographmg from the greatest flight altitude ¢ e o
‘the aerial cameras satisf i y
t Y. these main requirem i
ful solution .of the problem of aerial reconnaissanc(l:e ene: fhey pérmit & success:
Th ibili i ;
toa re‘iuec‘:;;z:sixbltl}xlty of p;mtogfraphmg a large area in one run of the aircraft leads
€ n the number of aircraft sorties fo: i
© s T reconnaissance which i
Tav::ease‘s the. pro})abﬂlty of combat casualties and reduces the reconn: . tur“_
o J:gdcfx alerlal photographs with the necessary image scale (size) and ‘:‘53“‘:9 ro
8 E scale (si nd the r i
Creise;:x: c:;/erage in photography from high altitudes and high a’ircraftes eq:u‘?d
Crease e 8 er ?f the reconnaissance flight mission. Therefore it is eposed
to tak O:ast cx;ter:}a in mlakmg the comparative evaluation of aerial camerapsr:posed
n point of their application to aerial reconnaissance, paramete \ hi o e
erize f:ltx: degree of fulfillment of the main requirements wrers which charact-
e first requirement is the are i ,
) a which can be photogra; i i
camera (or an installation consisting of several analogous Ser}'::leia‘:th : )glven serial
eras

Q = AHBpHN,
pHN it

where A is the coefficient of the c
 the overage of the te i
sed in the units of flight altitude H; Frain to be photographed, expres-
B is the coefficient of the cover
] : age of the terrain along th
flxght route with the longitudinal overlap equal p (it igs af Photographed‘
unit of the flight altitude H); o0 expressed in

ed for Release 2012/10\/-23 CIA-RDP81-01043R001200220005-5
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N is the number of photographs whichcan be taken when the magazine is fully
loaded.
The second feature which indirectly characterized the m
flight speed in photography is the minimum (possible) time T,
ly use up the supply of film in the magazine, i.e.

T = Nt (@)

aximum allowable
required to complete-

where t¢ is the time period of camera's operation (minimum time interval between

the exposure of neighboring photographs of the flight route).
Eq. (1) divided by Eq. (2) yields the representative quantity

area per unit time:

- the photographe

Q = ABpH?N = ABpH? (3)

T Nt te

On the basis of the expression for the numerical map scale, the quantity mf
can be substituted for H in Eq. (3), where f is the focal distance of the aerial cam-
era, m is the denominator of the map scale, which is taken as unity.

As a result the representative area, photographed per unit time, is expresse

as

Q, = ABpt? (4)

te

fully characterize the reconnaissance qualities of the ae:

It cannot, however,
camera, since it does not reflect the altitude at which the camera was used.

Indeed, if Q, is computed from Eq. (4) for two aerial cameras of the same
type, with two different focal distances (for instance for the type AFA 33/20 and A
33/100), identical values ofrQyr will result. And, indeed, the possibilities of phot:
graphing an area per unit-time on the same scale is identical for these two camera
The reconnaissance qualities are higher in that camera which can photograph the
same area, on the same scale, but at a higher flight altitude.

Since the photographing altitude, with the map scales equal, is proportional
to the focal distance of the aerial camera one more factor £ must be introduced inf
Eq. (4). Then we finally obtain the coefficient which L, T.Safronov calls the coeff

cient of the reconnaissance qualities of the aerial camera:

K, = ABpf’ (5)

te

r all aerial cameras to be K, = 60%. Using this coe
omparative evaluation of the various aerial camers:
plication of aerial cameras of the same type in the
ferent versions of installation (AKAFU type, dual), to investigate the ways of inc:
ing the reconnaissance qualities of the aerial cameras, ets. Let us cite some ex
ples. Letus compare the reconnaissance qualities of two aerial cameras, used
photography from fighter-interceptors; the AFA-BA/21 and AFA-39.

K, is arbitrarily set fo
cient it is possible to make a ¢
evaluate the effectiveness of ap;

CIA-RDP81-01043R001200220005-5
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The coefficients of reconnaissance quality will be computed from Eq. (5):

for AFA-BA/21
Ky = 0.86x0.25x21% = 2000;
1

for AFA-39

K, =0.8x0.28x10° = 320 .
0.7

By comparing the resultant coefficients we can draw the conclusion, that the re-
connaissance characteristics of AFA-39 for the same picture quality are consider-
ably below those of AFA-BA/21. However if the aerial negatives obtained with the
help of AFA-39 yielda print, after projection printing with 2x enlargement, with

the sharpness equal to the sharpness of the contact prints from the aerial negatives,
taken with AFA-BA/21, then the effective focal distance of AFA-39 will equal 20 cm.
and the computation from Eq. (5) shows for AFA-39:

K, =0.8x0.28%203 = 2560,
0.7

i.e. the reconnaissance qualities of AFA-39 in this case become approximately the
same as those of AFA-BA/21.

Let us compare the aerial cameras of the types AFA-33/50 m and AFA-39 un-
der the condition that the latter can take aerial negatives from which projection
printing with 5x enlargement is possible (with the sharpness of contact prints from
aerial negatives taken with AFA-33/50 m).

The coefficient of reconnaissance quality for AFA-33/50 m is equal

Ky =0.6x0.2¢4x50% = 9000,
2

and that for AFA-39 with an effective focal distance equal 50 cm.:
K, =0.8x0.28x50° = 40,000 .
0.7

Consequently, AFA-39 under these circumstances possesses markedly higher
reconnaissance qualities than does AFA-33/50 m.

Such increase of the reconnaissance quality of AFA-39 is achieved at the ex-
pense of a greater photographed area (or a greater size of the enlarged print: 40 x
35 cm. instead of 30 x 30 with AFA-33/50 m) and a smaller period of the aerial
camera's 'operation (0.7 sec. instead of 2 sec. with AFA-33/50 m).

As can be seen from comparison of the reconnaissance coefficients obtained,
the solution of the problem of designing photographic systems, which possess suf-
ficiently large terrain coverage coefficients and a very great image sharpness, de-
serves serious atiention.

Quantitative expression of the reconnaissance qualities of aerial cameras with
the help of computation of the appropriate coefficients permits a more graphic com-
parison between them and allows a theoretical evaluation of the effectiveness of the
introduction of various design modifications.

Reader's Suggest

NIGHT -TIME ILLUMINATED TARGET ON THE
AERIAL BOMBING RANGE

Officer Yu.V.Komissarov proposes a design of an ﬂluminéted target to mark
it at night (a circle with a diameter 100 m, a cross in the center, of dimensions
40 x 40 m) on the bombing range.

The illuminated night-time target, according to the author, has been success-
fully used for a year on an aerial bombing range and showed a number of advantages
over the previously existing models. .

The target is remote-controlled from the command point of the bombing range.
1t is cleéarly visible from a great altitude (10,000 - 12,000 m and more) and distance
throughout the night (the visibility of torches and bonfires decreases rapidly during
the second half of the night). The time spent in the preparation of the target for op-
eration is considerably reduced. In addition there is no need to use fuel for the il-
Jumination of the target and for trips taken for repeated refueling and for the pre-
paration of the target for action. Finally, the target is simple in construction, re-
liable and troublefree in operation.

The proposed target consists of a source of electric power, electrical equip-
ment, electrical wiring and safety wells. To safeguard the wiring from the action
of the shock wave and the fragments of the detonated bomb, it is made in two parts:
above ground and below ground. The part above ground is made of aluminum or cop-
per wire of 6 mm cross section and is strung on poles from the power source to the
target. At a distance to the target of 1000 - 1500 m this part is connected to the
part below ground, which is made of two-conductor cable of the type NMH-2 x 2.5
mm rubber covered or of 2 shielded two-conductor cable. The cable is laid in the
trench 1.5 - 2 m deep.

To prevent short-circuits, which can occur as a result of the bomb's explosion
a fuse is installed in the sockets of the current distributing device.

The source of electric power is a permanent electric power line or'a portable
electric generator of 38 kw. power capacity, driven by a diesel motor of 60 h.p.
From the power source the current is fed to a control panel at the command. point
of the bombing range. When the knife switch is closed, the current flows through
the current distributing device (Fig. la). From there it is conducted to the illumin-
ation lights of the target (Fig. 1b). The layout of the equipment and the electrical
connection of the lights of the night-time target are given in Fig. 2. The electrical
equipment includes current distributing device, illumination lights (28), control
panel, and power connector cables (20).

The current distributing device has the function of distributing the electric
power, fed from the power source to the illumination lights of the target. The de-
vice is an octagonal box of dimensions 60 x 60 x 25 cm with a cover, made from
boards; 2.5 cm thick. Itis covered with roofing tin for durability and painted with
protective color. Inside the box there is a crossbar made of Z cm boards with two
current carrying rings mounted on it: the upper ring being of 25 cm diameter, the
Jower - 35 cm. The upper ring is 10 cm above the lower one. The rings are made
of strips of red copper, 3 ¢m wide. Twenty-two holes are drilled in each ring and

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



80 Reader's Suggest

1}01]ts are inserted into these to tie the conductors coming from the sockets. Rubber
id inserted for insulation at the points of contact of the rings with the crossbar.

b

@F

(Gh

Fig. 1. General appearance of the current switching
device and the illuminating lights.

Sockets are fastened to the outside surface of the walls.
ing and installing the cur
two walls of the box.

For convenience in carry-
rent distributing device in a well, handles are attached to
The 1id is fastened to the box with two latches.

The current distributing device is installed in the center of the target in a spe-

;agl \;)ell of dimensions 1.2 x 1.2 x 1.5 m (the inside view of the device is shown in
ig. 3).

Iltumination Lights d_ClEAr_nnt-
Conlrol panel. spckat forthe ights o a ribuling

atthe o the removable pol deviet
rangs control point

45w

Above-ground li
Underground line

Electric powerplant

Fig. 2. Layout diagram of the equipment and connections of
the electric network of the night-time target.

The illumination light consists of a st i
: tand, electric socket, bulb s

- t
dome light. An ordinary 40-60 w, 220 volt lighc bulb is used as’a sourcoed:)ef lia;:ta

The stand for the illuminating light
rapesota-ti oitts aed & cover, g light, made of 2 cm boards, consists of four

The front wall contains a so
. cket, the b
’:ie;ng f:ljtened to .the cover by two wooden screws. Wooden handle; ar: :tbosi“:mket
e walls of the illumination light for convenience in carrying. In crde:to i:sv::l
. al

Reader's Suggest 81

the illumination light in its operating position, it is necessary to place it in a safety
well and connect it to the cable (Fig. 4).

i e The control panel is intended for remote
control of the target lights (on and off switching).
It is mounted at the control point of the bombing
range and represents an ordinary electric panel
with a knife switch, fuse and two switches (one
for switching on and off the illumination of the
working posts at the command point, the second
for switchiug on and off the red signal light on
the flagstaff).

Power connector cable of the make NMH-
s x 2.5, 52 m long, with male plugs: at the ends,
feeds the power from the current distributing
device to the illumination light.

Depending on the number of illumination
lights, which are located in a circle, 20 trenches
1.5 - 2m deep are dug on the range to contain the
power connector cables.

The illumination lights, which form the fig-
ure of a cross, are connected (in parallel) to the
power connector cables, laid along the radial lines of the circle.

The safety well is made of mortared bricks. It protects the jllumination light,
placed in it, from the explosion of the bomb. In order to increase the resistance
of the well to the action of the shock wave, its
walls are made in the form of a cylinder. The
dimensions of the well are 50 x 50 x 40 cm (in-
side); the thickness of the brick layer is 15 cm.
To provide a passage for the power connector
cable and drainage for the rain water, openings
are made in the walls and the bottom of the well
into which are inserted metal pipes, 4 cm in di-
ameter and 20 cm in length.

The safety well is installed on the range in
a specially dug pit; which is dug in such a way
that the upper part of the well protrudes 5 cm a-
bove the ground level. This is necessary to pre-
vent drainage of the rain water into the well.

The safety well for protection of the cur-
rent distributing device is made analogously, but
of larger dimensions.

The current distributing device and the tar- N
get illumination lights are dismantled and stored Fig. 4. The {llumination light
in a warehouse after each bombing. Protective in a safety well.
wood caps are placed over the male plugs of the
power connector cables. After bombing the illumination light wells are covered with
lids.

Fig. 3. Inside view of the cur-
rent distributing device.
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to select a supply engine with a wide speed range.
rs directly on the aircraft with a running engine involves a consumption of fuel

gulato

TESTING OF CARBON VOLTAGE RE

Reader's Suggest 83

GULATORS WITHOUT THE

USE OF A TEST STAND

The parameters of carbon voltage regulat
stands or directly on the aircr:
phones to the operation of the regulator.
difficult to build because this requires setting up powerful generators.
utilize equivalent generators it would be necessary to rewind the pole windings and

and engine wear.

with e
judgm

potent:

Moreover the vary method of testing carbon voltage regulators by listening
arphones is not sufficiently reliable because it contains subjective elements of

ent.

Both methods of testing have 2 basic fault in common.
fitness of the regulator for fu

jal (timewise) which is

carbon column.

voltag;

Engineer Lt. -Col. L.G. Svet proposes a new method of instrument testing of
e regulators not requiring a test stand.

eration of the carbon voltage regulators only

ibly -
the su

Resistance of the carbon column
in ohms

the resistance of the carbon column R

ors are usually tested on special
aft (with the engine running) by listening through ear-

However,

It is commonly known that in the op-
one of its parameters varies percept-

in regular units test standa are
In order to

While testing carbon voltage re-

When determining the

rther service it is not possible to appraise its work
determined by the surface condition of discs of the

Fig. 2.
bon voltage regulators.

This is explained by the fact that

rface of carbon discs deteriorates with time.

Resistance of the carbon column
in ohms

The gap in mm.belween
the armalure anol core

Fig. 1.

“Carrent ofthe magnat
winding in amps.
of the elactromagnet

Curves showing carbon column

resistance variation depending on the size of

gap &

and current I, .,

Such parameters as the force
of the regulator electromagnet and
the spring, the elastic reaction of
the carbon column depending on the
varying size of gap between the ar-
mature and core of the electromag-
net, are only of theoretical interest.
The fact is that under normal condi-
tions obtaining in the unit it is pract-
ically impossible to measure them.

Due to design features it is
impossible to obtain a performance
characteristic of carbon voltage re-
gulators of the type R-25A and RUG-
82.

the carbon column

Ul’

Resislance o,

Reol = f (8) m
wheré 8-is the gap between the arma-
ture and core of electromagnet.

At the same time it is quite
easy to obtain another characteristic

Fig. 3.

Basic electrical sche-
matic diagram for testing car-

Reol, =fle,m. ) (2)
where Lo, m i8 the strength of the current in the coil
of the regulator electromagnet, which determines
the gap § as well as the resistance of the carbon
column dependent on this gap.

The graphs (Fig. 1) indicate that rating 2 is
a reflected image of rating 1.

The relationship of R =f(I ) can be

CcOl. e, m.
derived from the schematic Jiagram of Fig. 2.

The ratingR g = £ (Ie. m. ) was obtained from
this schematic diagram for several regulators. A
new regulator was conditionally taken as a standard.
Its performance curves (Fig. 3) were compared
with performance curves of properly functioning
regulators mounted in an aircraft, and with faulty
ones removed from an aircraft.

Fig. 3 shows the performance curves of sev-
eral carbon regulators. The probable area within
which the curves of properly functioning regulators
will fall, is shaded.

The variation of the curves is sufficiently notice-
able when the current in the winding of the regulator

0 05 1 15
Current ofthe magnel winding in amps.

Performance curves of carbon voltage regulators
1. Performance curve of a new ("standard") regulator
2. Performance curves of faulty regulators.

3, Performance curve of a regulator in good working condition.
Area of permissible curve deviation is shaded.
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electromagnet is more than 0.5 amp., and occurs as 2 result of changes in the sur-

face condition.of the carbon discs.

Thus, in order to determine the fitness of a carbon voltage regulator for fur-
ther use in the aircraft, it is necessary to éstablish the permissible values of devia-
tion of curves within the working area (the elbow of the curve) and the rigid limits
of normal performance area.

It would be desirable to have such control graphs included by the manufactur-
ing plants in the rating record of the carbon voltage regulators.

This would provide 2 basis for comparison with curves obtained in the course
of operation, and for determining the fitness of the regulator for further use.

In the proposed method of testing the Tegulators there is no need of a Pr elim-=
inary warm-up, for the area of permissible deviation, of control curves may be
found even at normal temperature.

The use of 2 simpler and more convenient method of testing the regulators in
the Tegular units, will make it possible to determine much more accurately and
without any costs, the condition of carbon voltage regulators.

Reader's Suggest

DETERMINING THE VERTICAL VELOCITY
OF A PILOT BALLOON

At the present time the vertical velocity of a pilot balloon is determined from
special tables or an aerological rule from the circumference C and the free lift A
of the pilot balloon.

Measuring the circumference under field conditions presents no difficulties,
but determining the free 1ift of the pilot balloon under these conditions is rather dif-
ficult. On the open terrain even with the lightest wind, despite careful weighing
there is usually an error of 5 - 7 gm.; while with a wind of 4 - 5 m/ sec., the error
is 10 - 15 gm. Thie will cause an error in calculating the vertical velocity of the
pilot balloon up to approximately 15 - 20 m/min.

Officer M. V. Kolotukhin writes to the editors that the officers of the weather
service of the unit X have computed a new table for determining the vertical velocity
of a pilat balloon from its circumference and the weight of its skin, using for their
computations the same data which was used in compiling the tables in present use.

The following formula is used for this:

W = 60 A
“a\/—C

The free lift of the pilot balloon A can be expressed by the following formula:
A=V(p-y)-4a:

where V is the volume of pilot balloon
p - air density
y - density of industrial hydrogen
q- weight of skin
(Densities of air and industrial hydrogen are given at +20° temperature and
760 mm pressure).
After substituting for A in the above (derived) expression,

A
W = 60qa\ /—~—
ﬂ\/c

S ——

W = 60 na\/o. 017¢®  (p-y) - %—

By this formula, substituting different values for C and q, we have computed
the table for determining the vertical velocity W of a pilot balloon.
The proposed table is very simple: the column gives the circumference of the
pilot balloon C in centimeters; the row gives the weight of skin q in grams, which
is stamped on each skin by the manufacturer. At the intersection of values C and q
we obtain the vertical velocity of the pilot balloon.

Consequently in order to determine the vertical velocity of the pilot balloon, the

the formula will appear as?

weather observer must know the circumference of the pilot talloon and the weight of
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the skin.

Because the balloon is Jaunched under various weather conditions, and the . 4 ! N 5
table is computed for +20 temperature and 760 mm of mercury, it is necessary to 3 WHAT S YOUR SOLUTION ?
introduce correction multipliers (coefficients) for the vertical velocity of the pilot s

balloon depending on the pressure and the temperature. ﬂ
The proposed method has been field tested and gave good results. X

WHAT IS THE FLIGHT COMMANDER'S SOLUTION?

The troops of the nReds" have broken through the enemy defenses with the aid
of artillery and air support and are waging a battle along the line shown in the dia-
gram. The nBlues" are hurriedly bringing up their reserves from the iepth of de-
fense to the preak-through region after having organized an inten miotor trans-
port of troops.

At 0907, the "Red' air reconnaissance had spotted columns of tanks and trans-
port vehicles on the surfaced highways leading to the front line.

The weather wase as follows: overcast - 9 points, at an altitude of 5200 m,
vigibility 10 - 12 km.

At 0920 the commander of the fighter section, standing by in readiness No. 1,
received the combat mission:''to deliver a combined bombing and strafing attack on
the column, which is pushing forwa. ¢ from the populatad area C in the direction of

[

The flight commancer knew that two other groups of fighter aircraft will be

delivering attacks simultaneously on othe - transzort olumns.

He decided to carry out the 2& iggic: in two passes by forming his
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flight into a left formation and then by diving from an altitude of 2500 m. The first
pass to be made straight-in from the south-east direction, i.e. from the direction
of the forest with the attack delivered on the head of the column. Disengagement
from theé attack to be made with a right turn of 180°. The second pass to be made
from the direction of the forest, located farther east of the populated area C, with
the break away from the target in the direction of the populated.area H and the re-
turn to his territory via the shortest route.

At 0932 while approaching the front line at an altitude of 3000 m, the flight
cominander received a different task: to attack in two passes the target No. 2, i.e
the counter-attacking enemy tanks and infantry.

After acknowledging the change-of-target order, the flight commander spotted
at the approach to the front line, a group o "enemy'' bombers comprising 9 aircraft
with fighter escort, flying ona parallel intercept course at a distance of 8 = 10 km
and an altitude of 5000 m.

What decision did the flight commander make after he evaluated the newly
arisen situation?

COMPUTE THE INTERCEPT MANEUVER

At 1525 the ground controller vectored a fighter to the point A (see Fig.) locat-
ed ahead of the target at an angle of 70° (CAK) to the line of flight.

The target position for that time was
point B. In order to bring the fighter to
the rear hemisphere of the target and meet
it at 1532 at point F the navigator decided

. to execute a lag maneuver by making a
horizontal turn. Having received the com-
r—ﬁn»-—l 15hes 32min 1 and and the data for tie banked-turn, the
fighter began a left turn at the point A, and
after changing the direction of the turn at
point N came out on the line BF at the point
D, finding himself 6 km behind the target,
on the course equal to that of the target.
Determine the length of the segments AD, BC, and the angle of turn (NO;D),
also find the bank and the radius of turn, if we know that V¢ = 720 km/hr and V¢ =540

km/hr and the route segment DE = 6 km (the wind is not taken into account in the cal-
culations).

0,

What's Your Solution

WHAT WILL HAPPEN TO THE AIRCRAFT?

s during a lecture. The ground speed

One of the students reasoned as follow: If the ground

i i d V and wind velocity u.

W is equal to the geometric sum of the air spee : —
speed unals zero the aircraft will be motionless with respect to t'he gtounci. It| foali!
Jows from this that the sum of the speeds V and U is eqt..\al zero, i.e. the p. a:i:e
speed V is directed opposite to the wind velocity U and is equall to it in r:lagm. ﬁ;e

Obviously in this case the 1ift for such an aircraft ""hanging motionless in
air' is produced only by the wind.

1s the student''s conclusion correct? 3

‘What will happen to the aircraft with ground speed W =
momentarily becomes equal to zero?

0, if the wind speed

e
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ANSWERS TO PROBLEMS PUBLISHED IN NO. 12,
1956 AND NO. 1, 1957

PREPARATION FOR A LONG DISTANCE STRATOSPHERIC FLIGHT

ince Ist c:\x;::uzzgn £r:}r1n the d:awing that the distance S] is greater than the dis-
) on the map by the navigato
us determine the required differenceA S =gS r— (;‘long e bt
Clearly, ! '
g- 2L R 2 (R + H) »
360

3% nand S) = n.

Then

AS:Z"'(R*H)n-Z"R - 2nH
360 360" ° 360 T

But n is the ang 1stan e N easily com-
t th ular distance between IPF and TPF, which can be ea ily com:

n=-os,
1

where is the length of arc corresponding to n =
14
111 1 h of ding 10,

As-= 2 HS
360 x 111

With the conditions given in the problem

As = 2.x 3. 14 x 20 x 2240
360 x 111 AT k.

Such an error is not large and it is not worth while to take into account in the
5
preparation for the given flight

L. M. Vorob'yev

1 Solved ...

THE NEW YEAR'S PROBLEM

1. The difference between the Khabarovsk and Moscow standard time amounts
to 7 hours. The flight lasted 35 minutes less than this difference, consequently 6
hours 25 minutes. :

2. The distance from Khabarovsk to Moscow is equal to 6140 km.

3, The average speed of flight is equal to

6140
L
Cire- 25 i ’% 960 km/hr.
Yu.G.Mityayev

e

TWO SOLUTIONS - TWO RESULTS

The actions of the flight commander were incorrect first of all because he had
not reconnoitered thoroughly the enemy's river crossing, and had not looked into the
possibility of flooding it.

It would have been advisable to attack the vehicles and artillery from a right
turn and to break away and return to his territory over the wooded terrain along the
shortest route. The approach to the railway station Belaya did not present any dan-
ger, since the line was inoperative at a point 30 km from the front line, and conse-
quently was unlikely to be protected by antiaircraft artillery.

The deputy squadron commander had decided correctly to fly the route: airfield
- populated area Krasnoye - bend of the river Golubaya - target. In order to insure
surprise the target must be approached at Jow altitude from the direction of the forest
with a subsequent climb to 1200 - 1500 m for the dive attack on the crossing. It is
also possible to bomb the crossing from a contour flying position with bombs with a
slightly delayed time fuse.

In order to overcome the AA fire it is advisable to build the flights combat for-
mation in two pairs. The first pair follows at a distance of 8 - 12 km and at an alti-
tude of 1800 - 2000 m and their appearance draws the fire of the antiaircraft battery;
the second pair delivers the attack. It is better to include in this pair the more ex-
perienced pilots who possess thorough bombing training.

L. M, Shishov

o
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I Solved ...

Since the track angle was always equal to 0° , the position of the true n:wridian
with respect to ground did not change during the flight and consequentlx the difference
in angles 68° - 70° = _20 is explained by the recession of the rotor axis of the DGC.

SHOULD THE TARGET BE GATED?

along which the fight-
determine the distance

It is necessary to plot (construct) the aiming trajectory, o
er flew during the attack in order to solve the problem and to Ne
Dy, at the end of the burst.

The maximum error. in th

ing way, in case the gating does not take place for the duration of the burst.

~ s\i&

¢ determination of the distance is found in the follow- Ral«;raxh i .
of the Déc olor axis

4 T of the DGC

~ 1‘3’64

~

Dy = 890-Dn x100.

° P Pplanes longitudinal Planes Longltudinal
axis axis

The distances at the end of the burst, for the given conditions and for different
angle-offs and durations of bursts are given in the table:
of flight; then the angular vel-

served over 30 minutes v
found by the navigator 18

R ] i i b
= n This recession was o
: Dislance at endl of burst (inm-) . ' i
Distance — Dislance at end ofpurst (inm) ; e cession' of the DGC's rotor axis a8
at the moment| Angle-off 1t Angle-off 31t ocity of the "recessk
o,lmlnnlnlmm 1 ] : = -4° /hr.
offire (inm)| purst lime| burst time| burst lime bursttime
140¢. 2s€c. 1see. 2see. |
L.V. Mikhaylov

740 680 610

770
570 550 520 470 ]
370 350 340 300 -

Using this table the pilot can determine whether it is necessary to gate the
target during the entire burst under the given firing conditions.

V.M. Baluyev

FIND THE ANGULAR VELOCITY OF "RECESSION" OF
THE DIRECTIONAL GYRO COMPASS

At 0928 the true course of the aircraft was TC) = 3520- 3° + 7° = 356° and the
directional gyro compass reading was 64° . Consequently the angle between the rotor
axis and the north direction of the true meridian equals 64° + (360° - 356° ) = 68°
(see figure).

The navigator further determined the TC at the time 0958, TC = 7° + 1° - 30
= 59 , ‘and the directional gyro compass reading was 75° . Now the angle between the
rotor axis of the DGC and the north direction of the true meridian became

759 - 50 = 70°.

De .
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FROM THE EDITOR'S MAIL

_ :

THE ACTIONS OF THE PILOT WHEN HIS COCKPIT CANOPY IS
BLOWN OFF IN FLIGHT :

Pilot V.G. Maksimov in the front cockpit with instructor G.G.Dan'shin in the
rear cockpit were once flying a training combat mission in a trainer aircraft of the
type MiG-15. At the moment when the plane pulled out of the dive and started climb-
ing at the speed of 800 - 850 km/hr, the casing of the front cockpit canopy failed.
Pilot Maksimov relates that he felt at that moment a powerful blast of air in his
face and heavy acceleration stress; he lost his visual perception of the plane's po-
sition and ejected. The pilot instructor Dan'shin also could not perceive the spatial
position of the plane because of the strong turbulence of the air stream in the rear
cockpit and he also ejected.

In evaluating this fact we can say only the following: neither pilot knew the
peculiarities of the plane's behavior under these circumstances and reached a hur-
ried and unjustified decision. To prove the point another case may be cited. Pilot
Polyanskiy in a similar situation, and also flying in the rear cockpit, did not be-
come confused, but showed resourcefulness and sensible initiative; he reduced the
flight speed and safely landed the plane on his airfield. Thus he proved in actual

“ practice that even when the cockpit canopy is blown off in flight, a skillful pilot can
land his plane on the airfield.

How should a pilot act when confronted with a similar situation in flight in
order to bring the flight to its successful conclusion?

Before answering this question I would like to dwell on two cases which are
taken from my own flying experience.

In'the first case the front cockpit canopy casing disintegrated at a speed of
over 900 km/hr. The failure of the canopy was accompanied by a powerful clap and
a partial loss of controllability. Being located in the front cockpit, I leaned closer

- to the stationary part of the canopy, shifted the throttle control lever to idle and let
out the brake flaps. There was no feeling of stress on my body. But it was, never-
theless actually impossible to determine visually the position of the plane in space
relative to the true hqrizon and to the surface of the earth. The aircraft had scarce-
ly changed its. direction of flight, but it was rapidly losing altitude with considerable
shaking and a bank of the order of 30 - 40° which occurred at the moment of the
failure of the canopy; I determined this fact by the indications of the plane; image
on the gyro horizon indicator AGI-1, as it appeared on the brown background of the
spherical scale of the instrument dial. It was impossible to make out the readings
of other instruments because of the aircraft's vibration and the strong air stream.

For the same reasons, the intercom contact on the SPU could not be made with the

1
q
|

|
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pilot in the second cockpit.

By referring to readings of the gyro/horizon indicator, I moved the controls
into the appropriate position in order to bring the plane into level (horizontal) flight.
However, for some time (3 - 5 seconds) the plane responded sluggishly and only
when the speed dropped down to 800 - 850 km/hr and the altitude had dropped from
7000 to 5000 m was the controllability of the plane fully re-established and the read-
ings of all the flight instruments became clearly visible. In addition it became pos-
sible to determine visually the plane's position in space. From then on there was
no difficulty in piloting the air craft.

In the other case, pilot V.I.Shechkov and I were flying a trainer UTI MiG- 15
on instruments by the OSP system. Iwas in the second cockpit. While making a
turn to pierce the clouds at the altitude of 250 - 300 m and the speed of 680 - 700
km/hr, we heard a clap and felt an air blast on our faces caused by the blowing off
of the front cockpit canopy. At the moment the canopy was blown off Shechkov re-
duced the engine rpm, removed the bank angle, dropped the speed to 380 - 400 km/
/hr, and having reported the incident by radio to the command point completed the
routine circling flight. During 2all this time neither the stability nor the controllabil-
ity of the plane were disrupted. Such correct actions on the part of the front cockpit
pilot facilitated the piloting of the plane from the rear cockpit, from the moment
the canopy was blown off to the moment of landing.

In the second cockpit the blowing off of the canopy was characterized by more
unpleasant effects. The loud clap was also heard here wtile the blast of air first
disrupted visual perception of the instrument readings (altitude, speed). However
the dial of the gyro horizon indicator could be read normally. With a slight reduc-
tion in speed, i.e., immediately after leveling off into horizontal flight it became
possible to make use of other flight instruments in addition to the gyro horizon in-
dicator. Piloting the plane at 350 - 400 km/hr presented no difficulties. The des-
cent after the fourth turn, the calculations and the landing were almost normal, ®
with the exception of some effect of the air stream on the face and eyes.

All these facts lead to the conclusion that the blowing off or unintentional jet-
tisoning of the cockpit canopy in flight or the destruction of its casing, do.not in
any way provide a reason for immediately abandoning the aircraft, even if for no
other reason than the fact that at speeds up to 800 - 850 km/hr the stability and con-
trollability of the aircraft are not affected by the blowing off of the canopy not only
in horizontal flight but also in turning, while its position in space may be determined
from the readings of the gyro horizon indicator AGI-1. Acting with precision and
confidence, the pilot, particularly in the front cockpit, will be able to safely complete
his flight independently of the operating conditions of the aircraft, the altitude and the
speed at the moment the canopy was blown off.

What actions of the pilot would be correct? In every case the pilot must re-
main cool and not make any hasty decisions. If the canopy is blown off when the
speed is more than 850 km /hr and the aircraft becomes hard for him to control, the
pilot in the front cockpit must shift the engine control to idle and release the brake
flaps.  To lessen the effect of the air stream it is necessary to lean closer to the
stationary front section of the canopy and put on the goggles. It is necessary to deter-
mine the plane's position in space by the gyro horizon indicator readings and first of

all, by the position of the plane's image in relation to the horizon index and the color
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of the spherical scale. In accordance with the readings of the gyro horizon it is
necessary to set the steering controls to a position which will bring the aircraft in-
to level flight. With further reduction in speed, the aircraft must be brought into
horizontal flight (again by the gyro horizon readings) and at a speed which will per-
mit the reading of other flight instrument dials the pilot must ¢check and set the air-
craft in trim. It is further suggested (if the flight takes place under normal weather
conditions) that the plane's position in space be determined visually by reference

to the natural horizon, that the speed be reduced to 350 - °400 km/hr by the (airspeed)
indicator, and the airfield reached and a 1and°ing made. Under these circumstances
the turns are banked at no more than 20 - 25, maintaining strict coordination.
Lack of coordination results in slipping and produces strong air turbulence in the
rear cockpit, which considerably complicates the piloting of the plane, while in the
winter it may even subject the pilot to frostbite.

If the instructor is located in the rear cockpit (in the initial training flights of
cadet pilots) he must follow the same sequence of actions as though he were in the
front cockpit. When the cadet pilot has had sufficient experience, the instructor's
task is reduced to a mere checking of his actions and instrument checking of the
plane's position primarily by the readings of the gyro horizon indicator.

In case of the blowing off of the cockpit canopy at speeds below 800 - 850 km/
hr, it is also necessary to reduce the speed by the methods described above. After
this, the plane is flown on instruments from the front cockpit, while at a speed of
about 650 km/hr, the plane is piloted visually. The pilot in the second cockpit flies
the plane by the gyro horizon readings to speeds of 500 - 550 km/hr after that by
visual reference.

These recommendations also apply completely to the combat planes of similar

type.

Military Pilot First Class
Lt. Col. G.G. Semenko
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FROM BENCHES TO DIAL PANELS

Lately several articles have been published in this magazine devoted to the use
of benches for the maintenance of the aircraft's radio technical equipment, and to.the
design of such benches. The readers' interest in these questions is not accidental.
The point is that modern radio equipment requires a comprehensive testing of all of
its parameters. Besides measuring precisely the output parameters, ‘one has to con-
trol very carefully the magnitude and the form of the output signals of the intermedi-
ate assemblies, whose malfunction cannot always be detected immediately. The in-
stallation of the ecquipment on the planes has become considerably more complicated,
and this makes the access to the separate assemblies difficult.

In connection with this it became necessary to have technical equipment with
the aid of which it would be possible to test, adjust and tune the station as a whole as
well as its every separate assembly. Bench installations are being used for this
purpose.

The development of bench installations has in some measure facilitated the pro-
cess of familiarization with and the operation of radio equipment. The design of
bench installations developed chiefly in the direction of their portability, simplicity
and versatality. As far as certain isolation existed between individual specialists
working in this field, the local working conditions left a marked imprint on the char-
acter of many different designs. It is this circumstance probably which is respon-
sible for the difference in the points of view on the design and the purpose of benches.

First of all we would like to point out that the term "field conditions'' used by
many authors contributing to the periodical is not understood quite correctly. By
the possibility of using a bench, an instrument or a device "under field conditions'
we mean the possibility of using them for testing the aircraft radio technical equip-
ment directly on the aircraft without dismantling it from its place of installation.

In our opinion it is only this circumstance that should determine the use of
testing and measuring devices manufactured by industry as well as by the units them-
selves, for the radio equipment installed on the planes of the tactical air force. How-
ever the only meaning which often attaches to this concept is that they can be used
outside of the stationary premises.

For instance, at the Moscow Military District Air Force, the exhibition of in-
novation projects, benches '"suitable for use .in field conditions' were demonstrated.
They were made in the shape of heavy boxes 1.5 m long, inside of which were as-
sembled equipment units, panels with switching devices, control instruments, meas-
uring equipment, etc. .

It is believed that installations of this kind can be effectively used under con-
ditions of stationary location of the unit, in the military school air units, in schools,
and the like. This opinion is based on the fact that in these installations the measur-
ing circuits are assembled beforehand, and that putting them in working condition
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consists only of mounting the equipment to be tested and also due to the fact that the
component parts of the bench can be most conveniently laid out during their manu-
facture. This opinion, from our point of view is erroneous, as the installations of
this kind require obligatory dismantling of the radio equipment, a fact which great-
ly increases the amount of work.

Besides, including them in the complex of panels or other measuring devices
puts the installation out of commission if it is necessary to send the instruments to
be calibrated, that is, it makes the installation dependable on the technical condition
of the instruments and makes its use difficult.

Furthermore, often in evaluating the qualities of the bench, the possibility of
its being used as a trainer for air personnel is considered a positive feature. But
one cannot agree with this. The development of a trainer bench could be expedient
only for acquainting the air personnel with the station, for initial familiarization
with the process of switching the station on, tuning and regulating it. It is clear that
such an installation cannot be called a trainer. Even the fact that on the marker
screen of the radar station's bench installations can be observed local objects, cor-
ner reflectors in the form of targets, does not allow us to call the bencha trainer.
The disadvantage of these trainers is that while using them one cannot completely
imitate the working conditions of the equipment in flight.

Now a few words about the combined and sectional benches.

Among the different models of the benches designed lately many were success-
ful in the sense that they satisfy the operational requirements better.

Experience in operating the benches allows us to draw the conclusion that for
testing complex radar installations the most efficient are special benches designed
for a definite type of equipment.

In this way one achieves the maximum possible use of the bench, the portability
of the equipment and the greatest correspondence of the bench construction to the spe-
cific design characteristics of the equipment for which the bench is intended.

It is possible also to use different benches simultaneously, which is especially
important in conducting regulations work.

The use of combined stands can be practical for operating a whole complex of
equipment designed for a limited task, and whose parts are closely connected among
themselves (for instance, the bench for aircraft equipment of the type SP-50). The
use of this bench equipment for testing and for qualitative execution of complex regul-
ation operations, makes the task easier in rnany ways, but it has a number of impor-
tant disadvantages especially for the front line aircraft. The experience accumu-
lated in testing and repairing of aircraft radio technical equipment, and the quality
of equipment with which the Air Force units are armed enable us to solve the pro-
blem insuring the operation of technical equipment primarily in a different, more
perfected and economical way. We are speaking of test panels or simply panels as
they are usually called.

. The panels represent devices which can be connected to a radio technical equip-
ment or any of its assemblies. With their aid, and having regular testing or measur-
ing devices on hand, the performance of the whole aircraft radio equipment can be
tested, and its parameters measured. The panels are provided with appropriate cab-
les for connecting them to the assemblies in the equipment, and with measuring in-
struments, and include circuits for imitating the functioning of other assemblies.

From the Editor's Mail 99

The advantages of panels over benches are the small weight of the former,
their comparative simplicity, and the possibility of construction with the aid of sim-
ple means. But the most important is that they enable to carry out all the work of
measuring the parameters, testing, and troubleshooting the faults in the assemblies
directly on the aircraft, i.e., under true field conditions. .

For comparison we could give the following example.

The weight and volume of all the panels at one of the airborne radar stations
equals 15% of the ‘weight and volume of the bench installation of this station; they
cost 5 - 7 times leas, not to mention the fact that their use leaves the whole of the
station free to serve its primary purpose.

At present such panels for the radio-technical equipment of the aircraft have
been developed, and will be delivered to the units this year. This does not exclude
the necessity of further work for improving the developed panels and for designing
new ones. This problem is set before both the engineering technical personnel of
the combat units and the designers working on aircraft radio technical equipment.
The development of panels together with the development of prototypes of aircraft
equipmeunt, and the inclusion in their aggregate of devices for testing the perfor-
mance will greatly improve and facilitate the operation and maintenance of the air-
craft's radio technical equipment, will increase its reliability and decrease the
amount of maintenance work.

It must be noted that the introduction of panels into practical use does not en-
tirely eliminate the use of b hes. Benches will be ry, for instance, for
testing the performance of the equipment after repair, when it has to be examined
as a unit. But such utilization of benches will pemit a different approach to the
problem of their construction and will make them lighter and more portable.

Engineer Col. A.G. Leontovich
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ON THE CONTROL AND MEASURING INSTRUMENTS FOR
RADIO EQUIPMENT TESTING

Problems, which fighter aviation and particularly air defense is called upon

to solve, -require reduction of time and means for the preparation of airplanes for
take off to a minimum. It is necessary to use various control and measuring equip-
ments for a high-quality preparation of aircraft radio equipment.

. The control equipment possessed by combat units ensures comprehensive test-
ing but much time and work is spent for this purpose. For the preparation of the
radio equipment on a plane of the MiG- 15 type the following instruments are used:
signal generator, wave meter, marker testing device, and others. 'All of these in-
struments have great weight and bulk because they are fed by separate battery pow-
er supplies. Two men are needed to carry them from one plane to another. Does
it pay? Radio equipment in combat units is tested from-a start bogie or from an air-
field mobile service unit. These sources of energy could fully serve as power sup-
ply for the control and measuring equipment. In our opinion it is expedient to set
up a mobile installation also for testing the radio equipment as a unit directly on the
aircraft. With the aid of such a machine of the airfield universal power supply type
it might be possible not only to start the engine and check the electrical system from
a ground source of power, but it would also be easy and quick to check the correct
Irwerformance of radio equipment by means of all the necessary control and measuring
instruments and installations. Such a mobile radio laboratory would allow to reduce
considerably the time spent on the preflight and postﬂight preparation and to render
the work of radio technicians more productive.

The lack of convenient control and measuring equipment in the units forces one
sometimes to use unsuitable instruments, for instance an audio oscillator, recom-
mended by officer N, D. Khramov, (the periodical "Herald of the Air Fleet" No.9, for
1956). The audio oscillator gives a very superficial picture of the efficiency of the
marker radio receiver and of the aircraft radio responder because it is impossible
to define on what frequency these instruments operate, which leads to the wrong con-
clusion regarding the quality of their work,

It is desirable that organizations which develop test equipment should show in-
terest in real conditions of radio equipment preparation for flights in combat units and
that they should design devices suitable for use under field conditions.

Senior Technical Lieutenant
1. S. Kirichenko
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THE AERODYNAMICS OF AN AIRCRAFT WING

"The Aerodynamics of an Aircraft Wing'', Ye. Karafoli, Published by the
Academy of Sciences of the USSR, Moscow 1956, 479 pp. Price 23r. 85c.

In recent years a great number of national and foreign publications dealing
with various problems of aerodynamics have appeared. Modern aerodynamics in
itself is such a vast science that itis impossible to cover it, even briefly, in a sin-
gle book. Therefore, in order to achieve a systematic and full exposition of aero-
dynamics, one, by necessity, has to limit himself to a small, closely interrelated
set of problems. Professor Ye. Karafoli, member of Rumanian Academy of Sciences,
in his recently published book, ""The Aerodynamics of an Aircraft Wing'", deals with
the problems of the aerodynamics of a wing moving in an incompressible fluid (i.e.,
for low speeds when the compressibility of air can be neglected). Asis clear from
the introduction, this book represents the first part of the author's extensive treatise
on the theory of a wing. The second part,of which a Russian edition is to be publish-
el, will deal with problems connected with subsonic and supersonic flights. -

Professor Karafoli's work bears the marks of a monograph. Together with
some findings on the theory of a wing obtained by other workers, there are many
generalizations by the author himself. The author's research findings, however, are
closely related to the remaining material of the book. Thus, it gives the impression
of a logical and complete textbook or handbook.

The book contains analyses of varying degrees of completeness of basic, pract-
jcally important topics on the ideal incompressible fluid flow over a wing. Whenever
possible and expedient, the author gives rigorous steps to the solution of problems.

In other cases, where solutions by the modern analytical methods are not feasible,
he supplies well substantiated engineering solutions. .

It is noteworthy that the author attempts throughout the whole book to present
theoretical solutions in a form which is easily usable for practical application. This
aspect of the book constitutes its primary value.

The method of conformal mapping is applied to the theory of wing profiles. The
theory of the wing of a finite span is based on a vortex lifting line.

©  We see, therefore, that Karafoli presents the theory of aerodynamics of rather
long wings (including the swept-back wings). He devotes but little attention to the
short and very short wings, which were extensively investigated after World War II.

In the first chapter there is a brief exposition of basic definitions, concepts and
equations of classical hydrodynamics. Next is presented the basic information on.the
vortex theory. There are also included theorems of hydrodynamics, which are most
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important for the development of the wing theory, basic methods of conformal map-
ping, as well as some simpler laminar flows (near the eddies, dipoles, past circu-
lar cylinder, etc). .

The author deals in detail with the theory of airfoil of an infinite span. He
states thoroughly his own general method of constructing wing profiles. This method
includes as special cases the Zhukovskiy profile, the Karman-Treftz profiles, Kara-
foli's profiles with rounded trailing edge, and others. The influence of geometrical
parameters of a wing profile on its aerodynamic properties is analyzed on the basis
of this theory, and there is also given a method for calculating velocities (and pres-
sures) from the surface of the wing. He also considers a case of arbitrary wing
profiles (empirical) and gives methods of computations of a flow past these profiles.
There is analyzed in a detailed manner a method of construction of a wing-profile for
a given pressure distribution. A description of wing-profiles with deflecting parts
is given together with formulae which determines the forces and moments on these
parts.

In this book is given a theory of biplane of both finite and infinite span. The
interaction between the wings of a biplane is treated in detail, as well as the influence
of the dimensions of wings and their relative position. A method of computation of
aerodynamic characteristics of biplane wings is also given.

The author gives some methods of computation of a flow over a wing of a parti-
cular finite span which are based on a theory of a straight lifting line. Of interest is
a method developed by him, which permits easy and rapid solutions to problems for
an entire class of wings. However, one harly can agree with the author that ''the
theoretical formulae are strictly applicable to all practical problems" for wings with
spans between 2 and infinity, and that in these cases the influence of the vortices
along the chord is negligible, (pages 232 and 233). For the wing spans below 3.5
the application of these formulae introduces a considerable error, especially in the
calculation of moment characteristics.

On the basis of a lifting line theory, the author analyzes the flow past the twist-
ed airfoil, deflected wing flaps and ailerons, wings with aileron cut outs, and wings
rotating with constant angular velocities about vertical and horizontal axes.

The method derived for the flat wing is also applied to the probxém of a flow
over the wing with deflected, movable surface over a part of its wing span. This
method cannot be considered successful because of the slowness of convergence of
trigonometric series at the discontinuities of the variation of an attack angle along
the span. It seems to us that such problems are solved more effectively by applica-
tion of special functions which take into account the peculiarities at the discontinuities
of the attack angles.

. In the sixth chapter a solution is given of the flow over the wing of a finite span
based on the lifting area and on the theory of the potential: Here also are given de-

signs derived by the author for the cases of sliding and swept-back wings. These
problems could be reduced to the problems of straight wing which has a correspond-
ing additional twist. The solution is very simple and reduces to a lifting line theory.
Besides the design data agree with experimental results which confirms the validity
. of accuracy of computations for the investigated cases.

This chapter is of special interest to readers since in all the text books on

aerodynamics published up to date, the theory of swept-back wing for low speed is
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absent. :

In Karafoli's work a description of unsteady motion of a wing is given toget-
her with solution of a problem of effect of the boundary of a stream of air on a flow
near the wing. The solution of these probleme is applied to a flow over a wing in
the preseuce of the ground, and to a wing with a cylindrical fuselage, as well as to
the influence of an air stream induced by a propeller, and finally to the influence

" of the wall of the wind tunnel.

The work of Professor Ye.Karafoli, in our opinion, encompasses to varying
degrees all the basic problems cornected with flow over a wing of an ideal, incom-
pressible fluid. Ina number of cases new methods of solutions are given which
were derived by the author. Although the book does not fully reflect the present
state of the theory of aircraft wing, it will prove to be useful for the students of the
military engineering Air Academies and for the researchers in the field of aero-
dynamics of the wing. This book will also be of interest to engineers, since the au-
thor reduces all problems to more or less simple formulae to which numerical me-
thods are easily applied.

Professor, Doctor of Technical Sciences,
Engineer Colonel G. F.Burago,

Candidate of Technical Sciences,
Engineer Major S.1.Kuznetsov
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THE LIFE OF MILITARY PILOTS

Fighter pilot Sergey Stepanovich Mochalov arrives at an air force unit located
not far from the small provincial border city of "X'. Thus begins the novel "Pilots",
by Gennadiy Semenikhin, devoted to the life and work of Soviet military pilots under
peace-time conditions.

Upon completion of his studies at the academy, Mochalov, an experienced
combat pilot, was appointed commander of a squadron which had been temporarily
under the command of his friend and front-line comrade, Kuz'ma Petrovich Yefimkov,
Hero of the Soviet Union. Mochalov settles down to work with great zeal.

He gives particular attention to theoretical studies, whereas his deputy Yefim-
kov considers that a pilot has no need at all to know theory, the physical essence of
phenomena, or to understand formulae and charts, but that it is enough for him mere-
ly to know how to pilot a plane. As a result of this, a conflict arises between the
friends.

Underestimation of theory soon results in the fact that the famous pilot falls
behind the present-day demands placed upon a pilot. He was not able to carry out
a training exercise and let the "'"enemy'' escape.

Mochalov sharply criticizes Yefimkov for having fallen behind in theory. The
friends quarrel. The censure of his comrades and the influence of the party organ-
jzation compelled the pilot to give serious thought to the matter and he set about
studying (and subsequently enrolled in a correspondence course at the academy).

And now Yefimkov no longer fears bad weather conditions. During a blizzard
he takes off to search for Mochalov and his wingman, Spitsin, who had not returned
after an air battle with a foreign plane that had violated our border. Yefimkov finds
his comrades who had made a forced landing in the mountains. Thus ends "Trial",
the first book of the novel.

In the second book, "The Life Line", the plot is developed further. Sergey
Stepanovich Mochalov has been appointed regimental commander and Kuz'ma Petro-
vich Yefimkov, squadron commander. The regiment is sent to a city beyond the
Volga, to a retraining center. The pilots worked hard studying new equipment and
mastering the combat application of jet aircraft.

Returning to "X'", the regiment again became occupied with combat training.
As a reward for their progress, they received the honor of taking part in an aerial
parade over the Tushino airfield on USSR Air Force Day.

There are many other sub-plots as well in G: Semenikhin's novel - the author
describes Pilot Boris Spitsin's love for Natasha Bol'shakova, the regimental club
librarian, who subsequently becomes a student at the Moscow Conservatory. He in-
troduces the reader to the work and family life of Pilot Tsygankov. Before the reader
pass many heroes of various types: young pilots as well as seasoned commanders.
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Some people in the novel are discussed more or less in full, others cursorily. The
novel deals with the moral character of Soviet officers, with comradeship and friend-
ship. The work of the pilots and their patriotic service to their native land are well
described.

The pilots work hard to master thoroughly the new jet planes. The description
of the flights is brisk and vivid. The reader senses, as it were, everything that the
pilot feels in the air.

The profession of the pilot, especially of the military pilot, is.unusually inter-
esting and fascinating. Consequently our readers welcome with great interest every
book that throws light on the life of Soviet aviators.

AERODYNAMIC DESIGN OF HELICOPTERS

The defense industry state publishing house released a textbook by the academ-
jcian B.N. Yur'ev for higher schools of aviation in which methods of aerodynamic de-
sign of a helicopter are stated and materials are given for conducting practical train-
ing, laboratory work, course and diploma planning.

The first part of the textbook is devoted to the history of domestic helicopter
development. In addition the book gives general information on propellers and their
design, helicopter lifting rotors, various aerodynamic designs of helicopters. The
author points out the great importance of N.Ye. Zhukovskiy's work and that of his
students - V.P. Vetchinkin, G.Kh.Savinin, and others in the development of the theory
of propellers.

The theory of propellers in the axial flow is analyzed in the second part of the
textbook. On the basis of the law of similarity for propellers, the methods of selec-
tion of propellers and the engine in the aerodynamic design for airplane and helicop-
ter are stated. Herein are also stated N. Ye. Zhukovskiy's theory of the perfect pro-
peller and the theory of the specific impulse developed by G.Kh. Sabinin jointly with
the author. The theory of the impulse is explained more fully in the textbook. The
cited formulas make it possible to define the most important characteristics of the
helicopter, the vertical rate of climb, the maximum static altitude, as well as the
helicopter performance data during the vertical descent with the engine running or
operating under autorotation conditions. The author devotes a separate chapter to
problems connected with descent safety, showing various methods of landing, use
of the breaking power of the rotor, in landing,and a method for calculating the break-
ing power.

The third part of the textbook is devoted to the horizontal flight of the helicop-
ter. In its first two chapters are described special aerodynamic features of lifting
rotor in oblique flow. Based on the theory of impulse the author derives formulas
for calculating the induced velocity in the oblique flow across the propeller, which
enables to obtain expressions for the propeller thrust and for the required power.
The induced velocity is determined by taking into account the interaction of the pro-
pellers with each other (designs of multipropeller helicopters) and by considering
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the action of the wing on the propeller (for helicopters with wings).

Basic equations of uniform helicopter motions are derived for the aerodynamic
designs of helicopters in horizontal flight which enable to make calculations for the
helicopter by the thrust or power methods, while the method of calculation does not
differ from that which is used for planes. The design of the lifting rotor for which
flywheel blade motion is determined in the planes of rotation and swing constitutes a
special feature. Due to the fact that at present there exist various helicopter designs,
the author analyzes the special design features of co-axial, twin-rotor (tandem and
lateral) as well as wing helicopters. Power comparison is algo made here between
the helicopter and the airplane.

The fourth, and last part of the textbook, is devoted to the classical theory of
the lifting rotor. For the lifting rotor with lifting blades coefficients of flywheel
motions are derived and the force and moments acting on the blade during a swing
are defined. The operation of automatically tilting rotor and its effect on the fly-
wheel motion of propeller blades are examined in a separate chapter.

The textbook gives brief information on the effect of centrifugal and coriolis
forces on the blade as well as the degree of balancing of the lifting rotor during op-
eration.

B.N.Yur'ev's textbook is a useful training manual for students of advanced
schools of aviation.

TRAINING MANUAL ON AIRCRAFT ENGINES

At the end of last year, the Defense Industry State Publishing House brought out
a book called ""Control of Gas Turbine and Ram-jet Engines". The book has been ap-
proved as a training manual for higher aviation schools.

This textbook gives the basic demands made on the control systems of gas tur-
bine engines; it analyzes questions relating to the selection of control parameters
and performance characteristics which are needed under the operating conditions
for jet aircraft. Primary consideration has been given to the statics of control of a
gas turbine engine. The same performance characteristics are then examined from
the point of view of their function for designing control and fuel equipment and a des-
cription is given of the properties of gas turbine engines, by which their behavior
as an object of control is determined.

The authors-have given a brief survey of the general principles of control and
their application in the control of gas turbine engines. The diagrams of various re-
gulators were examined in the order reflecting the historical course of development
of regulator design. The advantages and shortcomings of various types of regulators
are evaluated in accordance with the demands placed upon the regulators of the gas

turbine engi i i i i
gines. Some typical control diagrams for gas turbine engines are also given.

Basic information has been furnished in the book, concerning the system of con-
- trol, and also descriptions of its various components.

The fourth chapter deals with the methods for designing and analyzing the dy-
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namic characteristics of the control system for gas turbine engines. An analysis has
been given here of questions relating to definition of the concept of stability of the con-
trol system, and of those relating to an evaluation of the quality of control and to me-
thods for forming transitional processes.

Then follows a description of the effect of non-linearity of characteristics on
the dynamic properties of the control system of gas turbine engines and of non-linear
characteristics that are typical for the control system of gas turbine engines; des-
cription of experimental methods of research into control systems that containfnon—
linear elements. The book cites one of the methods for studying auto-oscillations --
continuous oscillations caused by a non-linear control system, and together with this,
some questions are examined which are connected with the stability of this system.
At the end of this chapter, there is a discussion of simulation of the processes of con-
trol which are an effective means for studying, under laboratory conditions, the dy-
namics of control of gas turbine engines.

The authors have given a rather detailed account of the effect of the processes
in the fuel system on the control of gas turbine engines, and brief information about
fuel equipment. They have thrown light on questions concerning elements of the fuel
equipment; concerning the demands placed on the fuel equipment; concerning the
mutual interrelation of the work of the control and fuel equipment; concerning the
jet nozzles of various types of gas turbine engines; concerning the fuel pumpd }}nd
other elements in the fuel systems of gas turbine engines; concerning the character-
istics of fuel pumps; and concerning some properties of the fuels used in gas turbine
engines.

The concluding chapters are devoted to the control of acceleration of gas tur-
bine engines and to the special features of control of ram-jet engines.

At the end of the book there is an appendix containing a bibliography on engine
control.

A positive feature is the fact that at the end of each chapter there are examples
which enable the reader to make a deeper analysis of theoretical premises.

Two general diagrams done in color, give a graphic picture of the complex pro-
cesses of the control and fuel system of gas turbine engines.

The book will be useful for engineers specializing in the field of aircraft engines.

BIBLIOGRAPHY
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BOMBS WILL NOT SAVE COLONIALISM
°
V.A.Burov, G.LSavin

On 5 November 1956 Wegwood Ben and Collins, members of British Parlia-
ment, made public, in the House of Commons, some unusual documents. Here are
two of them: "Force is on our side and we shall apply it to the fullest extent if you
do not show any meekness. We are going to subject you to bombardment wherever
you may be. You must know that your villages will be devastated, your wives and
children, your fathers and grandfathers will have to flee from their homes, losing
their property. If you do not leave your villages they will be destroyed and your
houses turned into ruins. You have sinned in laying your trust in Nasser. "

These were the leaflets of the British military command destined to be drop-
ped over the territory of Egypt. The true motives and aims of the Anglo-French-
Israeli invasion of Egypt were stated in these leaflets with brutal straight-forward-
ness.

The program of mass destruction of the peaceful Egyptian population which has
been openly proclaimed by the British command, found its complete exprgssion in
the piratic actions of the troops of the imperialistic aggressors in Egypt. Of all the
types of armed forces, which participated in the hostilities, the invader's aviation
has perpetrated the greatest number of crimes against the defenseless civilian pop-
ulation. At the decline of the colonial era the imperialistic air pirates have added
a series of new disgraceful pages to the bloody history of colonial wars.

Plans to utilize aviation for the suppression of the national liberation move-
ment of the peoples of the Near and Middle East were in the minds of the imperial-
ists long before their attack on Egypt. A sprawling network of air force bases set
up by them on foreign territory, was to serve this aim. An article in the British
magazine ""Economist" of September 1956 defined the purpose of the British air
bases in the Near East by saying that their spearhead must be directed "at the allies
of Saudi Arabia,' i.e., against Egypt, Syria, Yemen and other countries which have
taken the road of independent development. o

The nationalization of the Suez Canal company by the Egyptian government has
been the pretext for unleashing an imperialistic punitive action against the peoples
of the Near East, who are struggling for independence. The Western ruling circles
fully realized that this legitimate act of the Egyptian people meant a crushing blow
to the entire imperialistic colonial system. Seeking to stop the irrepressible proc-
ess of the political awakening of the oppressed masses, the forces of aggression and
reaction attempted in desperation, to delay by force of arms, the progress of his-
tory.

In order to prevent the realization of the nationalization of the Suez Canal,
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black mail and other methods of political and economic pressure on the government
of Egypt were being applied by the Western powers while the latter were preparing
an attack on Egypt.

As the situation in the Near East was becoming more strained, considerable
naval and land forces were hastily being shifted.to the British and French bases, lo-
cated near the Suez Canal Zone. The Anglo-French command assigned a-special
task to aviation. . Squadrons of British jet fighters of the "Hunter'' type were ready
to be shifted to Near East airfields as early as the beginning of August.

The British bombing aviation, based in the Mediterranean Sea area was brought
to full strength mainly with front-line jet bombers of the "Canberra' type, with the
strategic bombers "Valiant" and "Venom'' as well as with the fighters ""Meteor" and
"Hunter". The French air forces, based on the island of Cyprus, were armed main-
1y with jet fighters of the "Myqtére" type, as well as the planes "Thunderstreak. "
On board French and British aircraft carriers there were carrier-based fighters
"Avenger' and nGorsair'. Besides both belligerents had at their disposal a consid-
erable number of helicopters for various assignments.

The aircraft carriers wArromanche' and ""Lafayette' were part of the French
Mediterranean squadron, which had sailed from Toulon.

The British aircraft carriers wAlbion' and "'Eagle" which had been based on
Malta, were part of an operational task force of British warships, that had moved
to the Eastern sector of the Mediterranean Sea on 29 October. Two other British
aircraft carriers "Bulwark' and nTegsies" were also sent to the area where the na-
val forces of the aggressors were massed. An urgent shifting of French paratroop-
ers from Algiers to the island of Cyprus was begun. On the night of 29 October, the
British 16th parachute brigade, which had been acting against the Greek partisans
in the mountains of Cyprus, was ordered to stop these operations and to be in read-
iness for a new combat assignment. This brigade was one of the biggest units of .
the British army in the Near East. It was specially activated in connection with the
preparation of aggression against Egypt.

Thousands of troops, including airborne units, were already in full combat
readiness on the islands of Malta and Cyprus by the time of Israel's attack on Egypt
which had been undertaken with the full knowledge of the ruling circles of Britain and
France and which had been instigated by them. Large striking forces of the Anglo-
French aviation began to concentrate openly on the airfields of the Near and Middle
East. Small air units were also held in readiness in Jordan and Libya.

General Cately was entrusted with the supreme command of the intervention
forces. The British marshal of aviation Barnet was appointed air force commander,
the French general Broon was made his deputy. A joint Anglo-French staff was cre-
ated to coordinate military operations. The overall leadership was in the hands of
the British command, because of their "superior knowledge of the area."

The first blow against the peaceloving people of Egypt was struck by the Anglo-
French air forces on 31 October. At 7:00 Greenwich time British heavy bombers
launched a barbarous attack on the capital of Egypt - the city of Cairo, as well as on
Alexandria, Port Said, Suez, Ismailia and other cities.

Thus began the colonizers' undisguised criminal aggression against the free-
dom-loving people of Egypt. At the same time an imperialistic diversion against
socialist Hungary was organized, as well as provocative attacks by fascist pogrom-
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makers on the democratic parties and organizations in France and Italy. Now it is
becoming ever clearer that all these criminal acts were being perpetrated within
the framework of one monstrous plot of the world imperialistic reaction. This plot
was intended to undermine the growing power of the socialist camp, to restore the
colonial system and to weaken the democratic forces on an international scale.

The Egyptian government addressed a message to the secretary-general of
the UN and to the chairman of the General Assembly stating that the '"combined
French and British armed forces had launched an attack on the Egyptian people and
on their territory; that they had carried out systematic and barbarous air raids on
all the Egyptian airfields, and had destroyed their property and caused appalling hu-
man losses. "

Yet the Anglo-French aggressors went on doing their dirty work regardless of
the declaration of the Egyptian government and in spite of the indignation of the dem-
ocratic world, On 1 November hundreds of British and French aircraft again raid-
ed Egyptian cities. On this day the planes of the interventionists dropped their le-
thal load 21 times on Cairo and three times on Alexandria and on the big cities of
the Canal Zone. Among the "military objectives' destroyed by them were a hospi-
tal and a mosque in Cairo as well as a residential block in Alexandria. On this day
particularly many women had been registered among the victims of the air maraud-
ers.

The British magazine "Aeroplane' reported that on 1 November it was main-
1y the fighter aviation that was operating. They assaulted and bombed the planes
and the main airfield installations on nine Egyptian airfields. The magazine points
out that besides the land-based aircraft, carrier-borne fighters also took part in
the air raids. A squadron of "Venom' fighters which was based on one of the air-
fields on the island of Cyprus was the firat to start the attack at dawn. During this
day the Anglo-French air forces made 355 sorties in all.

A correspondent of the magazine "Aeroplane" reports that the planned bom-
bardment of the Cairo airfield (West) was cancelled at the time when the bombers
were already in the air, because information had been received that along the roads
adjoining this airfield American nationals were moving to be evacuated from Egypt.
In connection with this it must be said that the presence of civilian population of
Egypt in the zone of the airfields Almaz, Abu-Suveyr, Kabrit and others did not
cause the cancellation of the order of the Anglo-French command to bomb them.

On the contrary, during the following night of 2 November the Anglo-French
imperialists undertook bombings of Egypt on a still larger scale. The ‘whole night
"Valiant" and '"Canberra'’ bombers carried out a special operation pinpointing a
target and destroying a broadcasting station located in a densely populated sector
of Cairo. In the course of the day of 2 Novernber the air activity was increased
with the commitment of new air units: the appearance of French fighter-bombers
F-84 "Thunderstreak" (American produced) may be noted. Together with ""Sea
Hawks", "Avengers,'' and "Corsairs'' they strafed ground targets from low altitudes.
:he "Hunter" aircraft were used as fighter escort for the tactical bombers '"Can-

erra,'

Mass bombings of peaceful Egyptian cities and villages continued during the
following days also. 7

On 4 November an airborne operation was started by the British and French
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in the Suez Canal zone.

A correspondent of the magazine ""Aeroplane' mentions a few details concern-
ing the landing of airborne force in the Port Said zone. During the airdrop, '"Can-
berras'' were used as pathfinders, the fighters "Hunter" covered the landing air-
borne force in several waves, while the French transport ships ""Noratlas" had their
own fighter cover. Jeeps and field artillery pieces, together with paratroopers
were airdropped from ''Hastings'' transports. An operational unit of the Anglo-
French navy took part in the seizure of Egyptian territory in the Port Said zone.
Deck helicopters were used during the landing of marine detachments. According
to the magazine ""Aeroplane' up to 500 officers and men were landed by these hel-
icopters in 91 minutes. In the opinion of the magazine correspondent the success
of the effected airborne operation was achieved as a result of the preliminary elim-
ination of the Egyptian air force and the destruction of airfields; and also as a re-
sult of the silencing of the coastal and antiaircraft defenses by the naval aviation.
Besides, the success of the operation was further facilitated by the destruction of
such vital objectives as the big railway bridge connecting Port Said with the capital,

Nevertheless, the Egyptian troops, supported by the civilian population, offer-
ed stubborn resistance to the invaders. The first paratrooper groups dropped on
Port Said on the morning of 5 November were completely wiped out in the air ard
on the ground. Venting their rage on the peaceful population the Anglo-French com-
mand ordered a bombardment of Port Said from the sea and from the air. Heavy
caliber gun shells from the warships as well as air bombs weighing up to 500 lbs.
came down on the city and its suburbs.

Eyewitnesses from Port Said state that this int bombard: t d
heavy casualties among the civilian population of the city. The Swedish reporter
Anderson estimates that from 7 to 12 thousand Egyptians were killed in Port Said.

Dennis Pitts, correspondent of the English paper ""Daily Herald" wrote from
Port Said on 8 November: "I have just taken a walk of horror. Dead bodies are ly-
ing almost on each street corner. They are loaded on trucks and on special laundry
service vehicles. bbing are dering among the corpses, searching for
their dear ones.'

Port Said was wrapped in smoke from the conflagration for several days after
the troops of the interventionists had occupied it.

Having seized the city waterworks, located to the south of Port Said, the Anglo-
French command cut off the water supply to hinder in this way fire-fighting opera-
tions and to deprive the population of drinking water.

The AP correspondent, William Mahoni, reported on 11 November from Port
Said: "The soldiers of the burial details continue to bury the dead in the city ceme-
tery, located on the Mediterranean Sea shore, Trucks loaded with corpses are ar-
riving constantly."

The miserable atternpts of the British and French ruling circles to escape the
responsibility for the crimes committed by the armed forces of Britain and France
in Egypt are not worth anything in the face of these accusing facts.

One has to be a confifmed hypocrite and liar to declare, after having commit-
ted the gravest crimes against humanity, that "the civilian population of Egypt has
probably suffered only slight damages and that there are few casualties among them."
These are the words of Dickson, British delegate to the UN.
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The communique issued by the headquarters of the Anglo-French troops on the
island of Cyprus is the height of hypocrisy. It says: "The scrupulous choice of tar-
gets for air bombing, made by the allied air force command in order not to endan-
ger the civilian population of Egypt, apparently has no precedent in the history of
air offensive.'

The blood of Egyptian children, the ruins of Egyptian cities testify ruthlessly
to the fact that the Anglo-French pirates did not bother about a ''careful choice of
targets." Schools, hospitals, mosques and dwellings were subjected to bombard-
ment indiscriminately. Old men, women and children were shot down ruthlessly
by the air gangsters with machine guns mounted on helicopters. One hundred per-
sons were killed and forty were wounded during 2 single air raid on the village of
Abu-Zaabal. v

Marauding air raids of the Anglo-French air forces were going on even after
Britain and France had pledged themselves to a cease-fire. On 7 November, i.e.,
after the date fixed for the cessation of fire, the interventionists, in violation of
their pledge, launched renewed fierce air onslaughts against Cairo and other Egyp-
tian cities.

Side by side with the Anglo-French pirates planes bearing NATO identifica-
tion marks participated in combat operations over the territory of Egypt. The
United States of America supplied Britain and France with these planes. Inciden-
tally, one of such American-produced aircraft, the Hellcat, was shot down by the
defenders of Port Said.

The Anglo-French and Israeli aggressors did not succeed in committing their
crimes with impunity. Heartened by the support of the public opinion of the entire
democratic world, the people of Egypt rose bravely in defense of their country.
Egyptian soldiers and civilian volunteers displayed models of-fighting spirit and
valor, though they suffered acutely from lack of armament. According to eye-
witness reports from Port Said, weapons of each fallen Egyptian soldier were im-
mediately picked up by others. Egyptian armed forces and civilian volunteers in-
flicted considerable losses on the enemy.

The aggressors have suffered in Egypt not only material, but also colossal
moral and political losses by imposing themselves before all peace-loving forces
as the enemies of peace and as die-hard defenders of colonialism. The aggressors
were forced to retreat under the pressure of world public opinion. The peoples of
the Soviet Union, of the people's democracies, of all the Arab countries as well as
of the member~countries of the Bandung Conference sided with Egypt in her just
struggle. They demanded unequivocally a halt to the aggression and the withdrawal
of the interventionist troops.

The moral defeat of the Anglo-French invaders was so complete, that some
reacticnary Western circles failed in their attempt to extricate them. The fact that
the USA rejected the Soviet proposal to use force jointly to stop aggression, and the
fact that the USA had virtually connived with the interventionists, did not help them
either.

The censure of the acts of aggression of the ruling circles of Britain, France
and Israel by the democratic worid opinion was clearly expressed when the repre-
sentatives of 65 countries voted at the General Assembly of the UN for an immedi-
ate cease-fire and the withdrawal of troops from Egypt: This unanimous protest of

V.A. Burov, G.1.Savin 113

the representatives of an overwhelming majority of the w'o!:ld population confi;:.n:ld
the complete bankruptcy of the notorious policy from posxnon' of stte}ngth. to w c:1
the Anglo-French imperialists resorted in the hope of arresting the inevitable col-

lapse of the colonial system.
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SUMMARY

This study concerns the development of analysis and synthesis techniques
for networks containing idealized distributed-constant elements in addition
to the usual set of lumped-constant elements having parameters R, L, and C.
The idealized distributed element is taken to be a lossless delay line
represented by the parameters R, and T. R, is the characteristic resistance
and-T is the electrical length in terms of the time delay between terminal
pairs of the delay-line element. Networks comsisting of delay lines and
lumped elements are called line-lumped networks.

Analysis procedures are directed toward finding transfer functions for
a network containing an arbitrary interconnection of delay lines and lumped
elements. Some matrix methods for finding these transfer functions are
presented. The transfer functions are not rational in the complex frequency
variable and the usual procedures for transient analysis are not applicable
A method for transient analysis based on the time-series representation is

presented. A particularly useful form of the time-series representation is

the z-transform, a familiar mathematical tool for the analysis of sampled-
data systems.

An examination of the time-domain. and frequency-domain response pro-
perties of line-lumped networks reveals some characteristics remarkably
different from the responses of lumped-element networks. These character-
istics are used to advantage in the development of synthesis procedures for
approximating a prescribed impulse response by z-transform methods. -The
z-transform methods are particularly applicable to numerically prescribed
data. Special emphasis is given to synthesis of networks having impulse

responses of limited time duration.
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I. INTRODUCTION

The mathematical techniques ‘employed in the analysis and synthesis of
electrical networks are based on the behavior of hypothetical networks called
models or equivalent circuits containing idealized elements for which the
electrical quantities are simply related. The most commonly used set of
idealized elements for linear networks is, of course, the set of ‘lumped’
elements: having parameters R, L, and C, and current and voltage sources whose
output is either independent or linearly dependent on the various electrical
quantities in the network. The purpose of this study is to investigate the
consequences of extending the list of elements to include another type of
linear element; namely, an idealized delay line

There are many advantages to be gained from the development of analysis
and synthesis techniques for networks containing an arbitrary interconnection
of lumped elements and delay lines. In the first place, many physical networks
have a natural occurrence of elements of a distributed nature. Often these
distributed elements cannot be adequately represented by a reasonable number
of lumped elements. This is especially true in wideband VHF or UHF networks.
In servomechanism systems, the presence of transportation lags can be adequately
represented in an electrical analogue by delay lines. Also, it is sometimes
useful to include delay-line elements in the formulation of equivalent circuits
for active elements such as electron or semiconductor devices where transit times
are ‘involved.

The development of high-quality artificial delay lines and distributed
lines with low phase velocity and high characteristic impedance has made the
delay line a feasible element for synthesis of video-frequency networks such
as are used in pulse communication and computer systems. It is primarily with
these applications in mind that the time-series methods of the following chapters
are developed. ‘

Synthesis_procedures including the use of delay elements have received
little attention. Unfortunately, the tendency is to consider the delay line
merely a device which, when properly terminated, will perform the operation
of delaying a time function by a prescribed amount. This viewpoint is as
limited as that of considering inductors and capacitors merely as devices
to perform the operation of differentiation or integration of a time function
Transfer functions associated with networks containing delay lines are a
combination of rational and transcendental terms in s. The ordinary procedures
for analysis and synthesis are no longer applicable since the transfer function
will have an infinite number of poles and zeros in the s-plane.. One approach

is to approximate the transfer function with a rational function of s.' However
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for any reasonable degree of accuracy in the approximation, the number of
terms in the rational function must be made so large that results are very
difficult to obtain. For instance, the design of a particular network may
include the use of an artifical delay line constructed from a large number
of lumped elements. The only reasonable way to calculate the response
characteristics of this network is to represent the artificial line by an
idealized delay line. For these reasons it is felt that there exists a

need for the development of mathematical techniques for handling the trans-
cendental nature of the transfer. function.

The idealization of the delay-line element is an obvious step, very
similar to the idealization of an inductor or capacitor. Accordingly, the
delay-line element will be considered a section of lossless, non-dispersive
transmission line of arbitrary length and characteristic resistance. Hence
the parameters of this element will be Ry, the characteristic resistance,
and T, the electrical length in terms of time delay. Networks conmtaining
an arbitrary interconnection of these idealized delay lines and lumped
elements will be referred to as ‘* line-lumped” networks

Chapters II and III are devoted to methods for analysis of the response
of line-lumped networks. Matrix methods for finding the transfer function

. . . . Y
are presented in Chapter II. The time-series representation for the transien®

response is described in terms of the z-transform in Chapter ITI. Chapter
IV is a discussion of the response properties of line-lumped networks with
emphasis on the properties essentially different from those of lumped-element

networks. Some synthesis procedures based on these properties are developed

in Chapter V.

I

IT. ANALYSIS OF NETWORKS CONTAINING DELAY LINES
A. DETERMINATION OF THE TRANSFER FUNCTION USING TERMINAL VOLTAGES AND CURRENTS.

When a network contains a combination of delay lines and lumped elements,
the usual procedure for writing network equations in terms of the self and
mutual immittances of a combination of two-terminal elements is no longer
applicable. The ideal delay line is a three- or four-terminal element and
because of its distributed nature it cannot be reduced to a combination of
two-terminal lumped elements. The delay line can, however, be represented
in terms of a set of parameters relating terminal voltages and currents. For
example, this set of parameters might be the elements of the admittance matrix
of the delay ‘line.. The general approach to be used here is to consider the
distributed and lumped parts of the line:lumped network separately. A matrix
representation for each part will be developed such that elementary operations
on these matrices will yield a matrix representation for the combined nétwork
relating voltages and currents at the available terminals.

Using the two-wire transmission line of Fig. 2.1 as a typical section of
delay line, it is convenient to express the voltage across the line as the sum
of ‘two traveling waves of voltage, the two waves traveling in opposite directions

Then the voltage and current at any point on the line are given by

v(x,t)=a<t—5>+b(t+f>
p

P

R AL AR e

2 P

(2.01)

b(t + %)

FIG. 2.1.--Traveling waves on a two-wire transmission line
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FIG. 2.2.--Length 1 of transmission line as
a two-terminal-pair circuit element.

where a ' is the voltage wave traveling to the right with velocity.
vp» and b is the voltage wave traveling with velocity v,
to the left. When the delay line is used as a circuit element, only the values
of the traveling waves at the terminals are of interest and the words ‘‘right’’
and ‘‘left’’ have no particular significance; hence it is customary to label
the voltage wave gincident on the nth terminal pair a,(t), and the voltage wave
reflected ‘from the nth terminal pair b, (t), as in Fig. 2.2.

It is characteristic of the idealized delay line that neither traveling
wave suffers any distortion or -attenuation between the terminal pPairs except

for a time delay. From this the following relations are evident:

bo(t) = ag(t-T)

2.02
by(t) = ag(t-T) (2:92)

If the network equations were written in the time domain, the result would be
simultaneous linear difference-differential equations with constant coefficients.
These equations are normally solved by transform techniques. 1In this discussion
the Laplace transform will be used and all voltages, currents and wave ampli-
tudes.will be assumed functions of the complex frequency variable, s = o + Jo.

By the shifting theorem, Eq. 2.02 transforms into:
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By(s) = Ay(s) =T
(2.03)
By(s) = Ag(s) 75T

In the formulation of the admittance matrix (short-circuit admittance’
parameters), 'the reference node will be assumed to be one of the nodes of
the lumped part of the network. For this reason the admittance matrix of
the ‘‘superimposed’’ distributed part must be written in terms of an arbitrary
reference-node, so that an arbitrary connection of the terminals of the delay
lines to the nodes of the lumped part of the network can be made. At this
point it is necessary to distinguish between the balanced delay line and the
shielded or unbalanced delay line as a circuit element. This can be done by
considering the shielded line a three-terminal circuit element; the voltage
at all points on the shield is assumed to be the same. This notation pre-
vents accidental shorting of nodes in the combined network which might occur
if the shielded line were considered a four-terminal network as in the case
of the balanced line.

It is helpful to note that the sum of the individual columns of the
admittance matrix of an n-terminal network (with arbitrary reference node)
must be zero. This follows from the fact that the sum of the currents enter-

ing the terminals is zero

Yk

$1.=0
5l

n o1
S 3 LV (2.04)
751 k%1 Vik

Since Eq. 2.04 must be satisfied for all Vj, then 'il ¥jk must vanish for
all k. Tt can also be shown that the sum of the individual rows of the
admittance matrix must be zero. If V, = V for all k, thén no current can

flow in any of the terminals.

- . a
e = v 2 v (2.05)

o
Hence 2 yjj = 0 for all j
Now the admittance matrix for the shielded line can be determined.




B
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4, - B YyqF = -
= = 1 1 1177 Y33 Yin ¥3n
Y22 GOA1+51A*B'O
9¥Bg™
Y22 T Yy Yon'= T Yin
Yip = vey =2 =g A2 By ‘ :
1972 Ty o4, ¥ B . . The property of reciprocity of the delay line requires that ym, = Ypn-
Vo=V3=0 AgtBy=0 2,08 From these relations, the admittance matrix can be written directly. The
r (2:06) N admittance matrices and terminal designations for the shielded and balanced
delay-line elements are shown in Fig. 2.3.
Y13 = Y31 = - Y14 - Y12
I I
. =2 _ 1 —» - 12
¥93 = V39 Y21~ Va9 o—— "R, T
I + T+ coth sT -csch sT —tanh é}
Y33 5" Y13 Y
13- 7723 J v 4"“13 Vo 'Y =6, -esch sT coth sT -tanh &F

v
3
l N ¢ ~tanh 5 -tanh SL 2vanh 5f

Combining Eqs. 2.06 and 2.03, the elements of the admittance matrix are

obtained. J___
. Ay + e 2Ty ] a) Shielded line, G, = R;!
Y99 =¥414 = G, (_L—Z_T_LAi —e"Al) =G, coth sT ) e, G, °
N _ G, (- 275Tay) I Iy
Yo1 T ¥19 7 —2—7—1—(:1 =L = =G, csch sT O___‘." w1 | ~—%
- o . ° i |,
. vy f
. _ _ sT v,
¥13'= 931 = Goesch sT = coth sT) = = G, tanh 5 - (2.07) l Vs vy 1
= ='G;(csch sT th sT) = - G, tanh &
y =y = csch sT = co s = = anh —
Y23 32 o o 2 /ca:h sT =csch sT -coth sT csch sT
¥33 = 26, tanh s_; " =csch sT  coth sT csch sT -coth sT
y =
o -coth sT csch sT coth sT =csch sT
The determination of the 4 X 4 admittance matrix for the balanced delay i csch sT -coth sT ~-csch sT coth sT
line is simplified by consideration of the symmetry properties of a balanced "
nétwork. . These properties require that: b) Balanced line

FIG. 2.3.--Admittance matrices of delay elements.

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 - CIA-RDP81-01043R00"




Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIARDPE1.01043R001200220005.5
C o4 i

The admittance matrices of the distributed and lumped networks.are
combined simply by addition to form the. admittance matrix of the line-lumped

network. To illustrate this point, suppose a nmetwork consists of two inter-

Network 1
(distributed)
connected networks as in Fig. 2.4. The admittance matrices Y| and Yp are - 7 8icesdible modes
constructed to have a rank of r+g - p; where Y| has r - p rows and columns / :
consisting only of zeros, Yp has g - p rows and columns consisting only of ‘L J_,--‘ <L $ <L"‘l

zeros. The p interconnecting nodes must be labeled in such a manner that the i :

node pairs have corresponding positions in Y| and Y. When the intercomnections ’ ?--- T

are made, ‘a network of r + g = p accessible nodes is formed. The external cur- N——

rent into the jth node is equal to the sum of the currents in the jth node of * B eteork 2 (lumped)
the individual networks, hence; r accessible nodes

X _rtg-p r+g-p
I =Ly * Iy = éi YiktVht * éi ik re

FIG. 2.4.--Interconnection of distributed and lunped networks.

- r+§~p . - =
T kE Ukt t Yjkg) Vi since V, =y, = v,
So that

Y=Y+ Yy
If any of the nodes of the distributed part of the network

the reference node of the lumped part of the network
of :the admittance matrix corresponding to that node

are connected to |
, then the row and column !
can be deleted. This is » . S
almost invariably the' case when the delay element is a shielded delay line I
since, if the shield is ungrounded, undesirable stray capacitances to ground I !
are.introduced. Thus the ‘admittance matrix for the shielded delay line can v I l Newwerk 2 !
usually be written as follows:

———

0 0 0 0
coth sTy .~coth sTy rcsch sTy~ csch sTy

coth sTy 0~ =csch sT,
coth sT -csch sT -0 0 0
Y=g i

o “esch sT
~esch sT coth sT

“esch sTy  esch sTy  coth sTg —coth sTy

0
0

0 coth sT, 0 coth sTy coth sTy csch sTy -csch sT,
0 0 0 0
0 0

0 0 esch sTy ~csch sTy =coth sTy coth sT,

Now ‘that the admittance matrix for the line-lumped network has been

y the usual application of
Cramer’s -rule for determinants. For instance,

e vy 0 o 0
Yo vIY, vy 0 0 Y=Y+ Y

. the voltage transfer from node “ Yo5f 0 Y4 YMs 00

L to node m would be given by: 0 0 0y g —Vl(s) =2

0 0 0 v ¥ "1 “at

FIG. 2.5.--Example of ‘line-lumped network and admittance matrix.

determined, transfer functions can be found b

-9 -
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Vi Ay

where Aij is the ijth cofactor of the admittance matrix.

To.recapitulate, this method for determining transfer functions of line-
lumped networks. involves the following steps:

(1) The admittance matrix for the lumped part of the network is written

with the lines disconnected.

(2). The admittance matrix for the distributed part of the network is

written such that the rows and columns of the interconnecting nodes are

in correspondence with those of the lumped network matrix.

(3) ‘The two matrices.are combined by addition to form the admittance

matrix of the combined.network.

(4) The. desired transfer function is found by the method of determinants.
Fig. 2.5 is an example to illustrate these points. Obviously, a similar type
of analysis could involve the insertion of terminal pairs of the distributed.
part.of the. network into. certain loops of the lumped. part of the network. Then
the impedance matrices of the individual networks would combine by addition to

form the impedance matrix of the line-lumped network.
B. DETERMINATION OF THE TRANSFER FUNCTION IN TERMS OF TRAVELING-WAVES

In many cases, especially those in which the line-lumped network is
predominantly distributed,. the analysis problem is simplified by the consider-
ation of the traveling waves incident and reflected at the various terminal
pairs of the network, rather than the terminal:voltages and currents. For
this purpose, the n-tefminal-pair network is considered to be a junction of
n delay lines; the relations between the traveling waves on these lines
completely determines the electrical characteristics of the junction. As
before, the amplitudes of the voltage traveling wave incident and reflected
at the kth terminal pair of the junction are represented by Aj and By,

respectively. Then the terminal voltages and currents are given by:

Vy = A+ By
(2.11)
1
Iy = = (A - By)
Rok

e S
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One. i i

of therconventlonal methods of expressing the relations between.the
traveli i i i

veling. waves on.the n lines. is to .write the.reflected component at.the

ith A . S
J terminal-pair as a linear combination of all the incident components

n
=
k21 Siktk : (2.12)

or in matrix notation;

B.= SA

qu 2.12-defines the scattering matrix (S) of the junction or n-terminal-
pair network.

The individual elements of the scattering matrix have a simple.inter-
pretation. The diagonal elements, sy, are the reflection coefficients of
the kth terminal pair when each of the remaining terminal pairs is terminated
0 for j 7 k:

in its characteristic resistance so that Aj

Skk = Bp

when

:Sjlz

where

ST =k
$J»k50,j7k

The off-diagonal t : i i

go . errrs, Sjk» are given by the ratio of.the wave transmission
outward on the jth line to the wave incident on the kth terminal-pair when all
lines except. the kth are terminated in their respective characteristic re-
sistances:

when

- 11 -
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€)
Th i i i ) 0 -sT
e scattering matrix can be.expressed in terms of the impedance or a) -0~ g r [o=- €
admittance. (Z or.Y) matrices of the n-terminal-pair network. R 5= (1) Rood ™™ 52
From Eq. 2.1i, o T o
| Vit Roplp = 24,
. f)
Ve = Boplp = 2B, b) - --
- ——O— -~ 0 1 R, Z R,
Ye = 2, 2y -=—0-0—-- 1.9
. . c) . S =
In matrix notation: . - R"_/_ "5' % 5’ _ =2
; X4 _ - 22 + R, 2Z +R,
28 = (Z-D)(Z+D)12n R R 87 g g j ,
. &) oARA—O--
where D is a diagonal matrix; dy = R, R R
o o
Hence: -—0——0--
S=(Z-D)Z+D)!? (2:13) Rog - Rog 2Roq _Z_ %
Simil [Rog * Ry Fog + Ry s- Z+ 2R, Z+ 2R,
imilarly = =
s 2R R - R
z fzﬂ Roi - Raz 2R, z
§=(D' - Y)(D: +:y)! (2.14) . 02 ¥ o1 Rog * Foy Z+ 2R, Z+ R,
whi D’ is di 1; dpp = i/R,
ere is diagona. kk i/Ryp FIG. 2.6.--Scattering matrices .of simple junctions
D' =p!
“ It follows that It is-interesting to note the simplicity with which the scattering matrix
S, for an n-terminal-pair junction can be transformed into the scattering
Z=(1-8)1(1+8§0D m?trix, S’, for the new ?unction after ?he terminals Fave been moved.ouc a
distance I, on the kth line. It is obvious that the incident wave will ar-
(2.15)

rive at the new terminals a time Ty = lk/u before it arrives at the old

=<

terminals, whereas the reflected wave will arrive at the new terminals at

= (1 +8)71 (1 -5) 07!

a:time Tj later. This is expressed in matrix notation as:

Some examples of scattering matrices for relatively simple
junctions are shown in Fig. 2.6

S’ = PSP (2.16)

where S is the original scattering matrix and P is a diagonal matrix such that

I;kk = e(lk/v)s = o-Tps

- 13 -
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Then: Network 1 i
Shes gkk,-’ZTks 1 2
T
) ( ) ¥ | +|
= =(T; +T I

sk 7 sjpe (1 T)s Cn v

[ I, ===

[ Rok
b
These, relations.are.often useful in determining -the scattering matrix of a ' oy
predominantly distributed-element network. 17

One of the methods for finding a particular transfer function for a T
. line-lumped network is to consider the lumped part of the metwork as an n- Network 2
pair junction. for which the scattering matrix of rank n can be found. In 32

the combined. network,. there will be-delay lines commected to certain of these

Jjunction pairs which will impose.constraints on the incident and reflected
waves at these junctions.. If m junction pairs are constrained in this manner FIG. 2.7.--Interconnection of two networks
by the interconnection of the delay lines, the scattering matrix of the whose scattering matrices are knoun.
Jjunction can be reduced to rank n-m corresponding to the remaining junction
. ‘pairs.. By this method the scattering matrix of the line-lumped network
could be reduced to a.rank of two, corresponding’ to an input pair and an
output pair. The voltage transfer from input to output (open-circuit) at thekth terminal pair of network 1~ bée . equal to the reflected component
would then be given by Eq. 2.18.  Sirce at the kth terminal pair of network 2 in the absence of voltage or current

sources at this terminal pair. The sources applied to the kth terminal

"By pair are Vj and I, = Vi /R ;. These sources are represented by column matrices,
| V and V* , respectively.

Yo () =A2 tBy_ %y 2594 12.18) Then .

2y =Lt2""2- %% . . .

Vi At By Ap ¥ Bp o (1 4isgg)(1 = sg9) ¥ spgsg; A =By -4V +4V (2-19)
Some of the procedures. for systematically reducing the rank of a scattering A +B  +V=A +By (2.20)
matrix are presented in Appendix A.

A more straigntforward method for determining the transfer function is bue
developed as follows. . The constraints imposed on the incident and reflected B, = §;A N
components at the junctions by the particular intercomnmection of the delay (2.12) !
lines can all be represented by a single matrix. - This matrix is, infact, By = SyAy
the scattering matrix of the distributed part of the network. The voltage
: So that

and current sources applied to the various terminal pairs can be represented

by column matrices. In Fig. 2.7, network 2 would normally contain all the

(1+8)) AL+ V= (1 +8)A

lumped elements of the liné-»lumped network; network 1 would be the distributed (2.21)

part of the network.. - The interconmections require that the incident component

(0 + S)By = 4V +4V') = (1 + S)) A

.14 -
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Then

(1= 84S9) Ay = 501 - Sy) V.+ %(1 +§4) V! (2:22)
Now Eg.. 2.22 can be solved by the usual determinant methods for. any of the
incident components.on network. 2 in terms of the sources. In particular,

the voltage transfer function from a voltage source across the lth pair to

the open:circuited mth pair is given simply by

= Lln (2.23)

since Ay = By and s1;4.% 5714 = 81 A;; is the ijth minor corresponding
to the determinant of the matrix, | - §4Sp. To illustrate this method of

analysis, Fig. 2.8 is given as an example.
C. NETWORKS IN CASCADE

The methods of analysis described so far are completely general in
that the transfer function can be found for any arbitrary'configuration of
lumped elements.and delay lines. There is, however, a special configuration
frequently encountered in practice whose analysis is considerably simplified
by.the use of the transmission- or T_matrix. When a.number of relatively
simple nétworks are to be connected in cascade, the.T-matrix of the cascaded
network is the product of the T-matrices of the individual networks. Tt
might be.considered the traveling-wave analogue of the general circuit para-
meters.which relate the input and output voltages and currents of a two-
terminal-pair network: This approach is especially useful in the case of
a. transmission line which has lumped loading at discrete points along its
length.! Also, the method can be extended to include the case of coupled
lines where the coupling results from lumped elements connected between
the lines -at discrete points. . Another advantage of this representation is
that once two characteristic loading matrices are defined, the T-matrices
of the individual networks can be written by inspection.

The T-matrix for a two-terminal-pair network is defined by Eq. 2.24.

1W‘ H: Watson, ‘‘Matrix methods in transmission line and impedance
calculations, ’’ Jour. IEE, part TIT A, vol. 93, 1946.. pp. 737-746
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FIG. 2.8.--Example of analysis using scattering matrices.
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Bo\_[t11 tio\ /44 When . the T-matrix for a cascade of n networks has been found, the voltage
B, § transfer. funetion from a.voltage source -at the first terminal-pair to the

A9 tog tgg i, A N
open-circuited nth terminal-pair can be found in terms of the elements
of the T-matrix.

If n networks are connected in cascade, then between the networks, q | Since 4, = 8,

B A
& k+
:< > | 2 2(tyntyg = tyntng)

t + 0t - (t +t,q)
4 Big nn ¥ ot1g in * tny

So ‘that To. find the characteristic matrix for shunt loading, the T-matrix for

e 2
<An T AT B,

The T-matrix can be written in terms of the scattering matrix.

the junction of Fig. 2.9 is found.

Y
y + 2,

= s11Ag * sqohy
From Eq. 2.28
= sgpdg *+ sgody

= Y]
= 's91hy +$ (By = s1449)
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This defines. the shunt-loading matrix,
shunt ‘loading by ‘lumped elements.
from ‘the junction in Fig. 2.10:

Uj, and is characteristic of ‘all
The series-loading matrix is derived

z
Z+ 2R, 5 ' UUg + Uoly = 1 (2.37)
S = g + Ugly :

2By : Uply - Ul = (1 0) (2:38)
Z + 2R, i
UsUgly = Ug(1 = Uglg) = ’ (2.39)

‘2R, - 2
2 IR ) UgUsUg = Ug(l = Ugly) = Uy (2.40)
60 ““o

The network examples of Fig. 2.11 illustrate the analysis procedure.

(a) Il“section lumped loading:

Y
U0+ U

2
y z y [y

= + = + — + yZI + = Uy + U
brg Uty Yot odly * ol U

Up is the series-loading matrix. e it
The following matrix product relations between

. Us and Ug ar. ful
finding the T-matrix of cascaded networks. ! 2 27 nealul in

B=u=o Now use Eqs. (2.34), (2.37) and(2.39)
(2.34)

b S el Gz Ut U
UgUg = G, R,

44 (2.35)
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(b)  Section of delay line (R,,T): By inspection,

e-sT 0

esT

(c) Delay line junction (change of characteristic resistance):

FIG. 2.10.--Lunped series loading of a line.

R0+R(I7

From Eq. (2.28):

/M

i
i
]
{
i
i
H

- R}
= Uy -+ 22 Uyl
o

R

hence if R, = R,

= Ugly + Ul =11
Junction of lines of different

c)
characteristic resistance.

FIG. 2.11.--Loading and propagation networks.
.23 -
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The T-matrix representation is also useful when there are two or more
cascades of networks with mutual coupling between them. With two parallel
lines, -the.T-matrix is a 4 X 4 matrix which retains the property of combina-
tion by multiplication to yield the T-matrix of a cascade of sections on both
lines. Fig. 2.12 shows some ‘simple examples

2) - Two propagating sections. The-matrix methods described in this chapter for the analysis of. line-
lumped.networks are.by no means. the only representations.that might be used.
R ———0—0— 3 4 The appropriate method depends. entirely on the particular configuration of
fe e O—0— = = i the network.to be analyzed. In the case where the network consists pre-
dominantly of distributed elements, the scattering matrix approach is pre-
ferable since the scattering matrix for a distributed network is easily
found. The representation for.the overall network is then given by the
(1= $4Sy) matrix. When the line-lumped network consists.largely of. lumped
b) q elements, the admittance matrix approach is preferable. The advantage of
T-matrix approach for a cascaded metwork of lines and lumped elements is
obvious. The common feature of all these methods is that the lumped and
distributed parts of the network are considered separately and given ap-
propriate .matrix representations such that a matrix representation for the

overall network is obtained by elementary combinations of these matrices.

Rog

¢)  Lumped loading on both lines

- —0—0~ - —

d) Lumped mutual coupling between lines.

¢) Combined self and mutual loading
FIG. 9.19.--Lines subject to mutual coupling and corresponding

T-matrices

- 24 -
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III. THE TIME RESPONSE
A THE EXACT INVERSE TRANSFORM OF THE TRANSEER FUNCTION

The transfer functions found by the methods of .Chapter I are the
Laplace :transforms ‘of difference-differential equations with constant
coefficients. The inverse.transform is the impulse. response of the.line-
lumped netvork. These.impulse. responses have markedly differemt charac-
teristics from the impulse response of purely lumped-element networks.
For this reason it is desirable to study some inversion techniques for
transfer functions of line-lumped networks.

The general form of the transfer function can be found from the results
of Chapter II to be as given in Eq. 3.01.

where ‘the 4;(s) and B;(s) are rational functions of s. The presence of
terms of the form.e *' allows the numerator and denominator of F(s) to have
an infinity of roots. F(s) is called a meromorphic function, characterized
by the fact that its only singularities in the finite part of the. s-domain
are isolated poles. The rational function, having a finite number of poles,
is a'special form of a meromorphic function. A partial fraction representation
for ‘a.meromorphic - function will have an infinite number of terms. If an ap-
proximate inversion procedure.involves consideration of only a finite number
of these terms, this is in effect an approximatién by rationalization of the
transfer function in the s-domain. This type of approximation will be dis-
cussed in Section III-B.

The procedure tobe used in this discussion for finding the exact in-
verse transform of a transfer function makes use of the shifting properties
-sT

of the operator, e The shiftirg theorem is stated in Eq. 3.02. ‘If

Lle(t)] = 6(s),

g(t - T) for t > T

-1 -sTy ©
T T S

- 26 -

The denominator of F(s) can be expanded, by straightforward division, to the
form of Eq. 3.03,

"
[J%o Bi(s) e 5Tj1 = 2, Cels) esTy

o= 2wy T

and ‘the ‘numbers, ukj' include all positive integers and zero. Then

(2 4i0s) TS Oyrs) =Tl
i<0 k=0

©
=30 -sTy
12, Dils) e

T =T, + T,

The division indicated in Eq. 3.03 should be carried out in such manner as
to make consecutive terms of the series expansion correspond to successively
higher values of Tp. Since the ﬂd(s)'are rational, their inverse transform
will be a finite sum of elementary time functions. The total time function
will be a sum of functions having rational Laplace transforms but having
relative time displacements. By this method, the inverse transform is ob-
tained exactly in terms.of a finite sum to some definite value of t. To
obtain the time response for larger values of time, more terms in the series
representation for F(s) must be inverted. To illustrate the procedure, the
voltage.across the capacitor in Fig. 3.la will be found as.a function of time
when the input end of the line is driven with a step function of voltage.
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2 .
1+ RCs

uo>(1_‘££ e-2sT
R+ R, )\ +.R,Cs

o-sT

Let ‘R,C =1 second, T = 1 second, R = R /2, and Vi(s) = 1/s, then

B1(s) can be expanded in a series of powers of e-25.

A
V. =2
2(s) =3 L(s ¥ 1)]‘

- 1 1(s-1) - 4)2
eS| ——— 1 95 4 (s =1)° .
L(su) as(s+1)“‘*9s(s+——,—)3="’+~--

=i,-s D(s)+£ 1 1
3 o SDI(s)+;DQ{s)+2-;DS(s)+.,. ]

(3.06)

Now the inverse transform can be found term by term.
4 4
valt) =2 d (e -1) + 24 4 L 4
3 % ) P 3)+27d2(t-5)+§zd3(t-7)+--- h

(3.07)

do(t) =1 - et
dy(t) = -1 + e t(i +9t)

do(t) =1 - e"t(1 + 2¢?) for t> 0

3.08
=0 for t <0 (3:08)

dj(t) = -1 +e"t(1 + 2t- 2¢2 4 %:3)

8 2
dy(t) =1 - e t(1 + 412 -—3—:3 + ;:4)

B. RATIONALIZATION IN THE s-DOMAIN

It is clear that the exact solution for the inverse Laplace transform
becomes unwieldy as t increases. Even for moderate values of t, the solution
may be .th'e: sum of a discouragingly large number of time functions. In
many ‘cases where. the succeeding time functions converge rapidly to zero, the
exact solution up to a given time will be a reasonable approximation for all
larger t; and this method of inversion is quite practical.

Probably the most obvious approximation to the time response is obtained
by approximating the transfer function by a rational function in s. When this
is done, the usual inversion techniques for rational Laplace transforms can be
applied. This seems to be the classical method of inversion but it suffers
some serious drawbacks, as will be pointed out later. A'few of the methods
for rationalizing meromorphic functions will be discussed here.

1. Truncated Maclaurin series: The expansion about s = 0 of e™ST

yields the familiar Maclaurin series,

(G VRO v VR €1 L

1 - sT+
2! 3! 4! n!

1
2 3 n
(G20 A
21 31 Y

1+ sT+

Termination of the series after a finite number of terms gives a rational

approximation to e ST. For an illustrative example, consider rationalization

of the transform of the rectangular pulse function, p(t) = u_j(t) - u_4(t - T).
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a) Hetiork

o) caleulated sample values from page 56

1 (see.)

b) Step Fespense

FEG. 3.1.--Step respense of delay line
with eapacitor termination.

-sT

1 -
P(s) = -——:5-_

Obviously, series (3.09a) is useless. P*

the inverse would contain only an impulse

seriés (3.09b) approximate with the first

1
P*(s) :_s._

(s) would be 2 polynumiai

and its derivatives at t

(3.10)

in s and
= 0. From

four terms of the series;

e g
s+ O Th? + 250)

t
pr(t) = 0-92 ,-1-6(1/T) + 0.86 ,-0-7(t/T) sin 1.8=F

t
+0.08 50.7(¢/T) cos 1.8

response is shown graphically in Fig. 3-2-

9. Multiple-order pole on re

sented by the following 1imit process

i 1 n
_sT =1
e S ,nm _ij_ﬁ
n

Choosing 2 finite value for n provi

multiple-order pole at _n/T. This metho

some cases factorization of a polynamial

proximation in the time domain

in Fig. 3-3 for n-= 5.
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to the Te

al axis: The function €

sT can

des the rational approximation

4 may have the advantage

be repre-

by a
that in

in s is not required: The ap-

ccangular pulse function

is shown




e )

3. Padé approximation: The Padé approximation to e-7 is well known

in the literature as an attempt to obtain a rational linear-phase. filter
function. This approximation is appreciably better than that obtained by
methods. 1 and 2. .The Padé approximation involves relating the ratio of

two polynominals in s to the Maclaurin series for e”®' in such ‘manner that

N(s) = D(s) B(s) S0 + 0+ - -+ 0% byyoyy sptgtl 4 bpigte sPHat2 4 L L
p+q+jzeros

(3.12)

- 2
_'}u+nis*n7s 1;---+,.HSP

dg v dgs ¥ dgs? + - - o v dgat

Assuming ¢ > p, the following p+q+! linear simultaneous equations result.
(There are only p*tq+{ undertermined coefficients in N(s)/D(s) since d,
can be made equal to unity with no loss of generality.)

* bydg
+ b1d1 + bad2

+ body * bydy + bydy

= bprgdo ¥ bprg-1%1

Fortunately, the Padd -approximants for e ST have been tabulated up to fairly
large values of p and g.1 The arbitrariness of the relative degree of the
numerator and denominator of the approximant can be used to advantage in

If the relative degree of

numerator and denominator of a transform is g - p, then the first g-p-1

derivatives of the inverse will be zero at t = 0. Series.(3.09a) and (3.095)
Fig. 3.4 shows the pulse

are special cases of ¢ = 0 and p = 0 respectively.
function approximation obtained by the use of the Padd approximant (p = 2,

q= 4).

specifying the initial behavior of the inverse

1 1 9
L s Lofer
1-3 ¢sT) 30 (sT)

2 1 9 1 3 1 4
+ 2 (sT) + = (sT)2 + = (sT)3 +—= (sT
145 (sT) + 5 (sT)S + 2 (sT)" +20 (sT)

1 1_2{ (sT)? - 10(sT) * 30
s s [(sT)2 + 7.56(sT) + 16.2] [(sT)2 + 4.44(sT) + 22.2]

13, G. Truxal, Control System Synthesis, McGraw-Hill, 1955, p.550
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. t
p(1) = e3-78(1/T) [9.5 sin 1.38 = + 2.85 cos 1.38 -’-]
t>0 T T

- e'2~??('/T)[1.53 sin b.16= + 1.85 cos 4.16 3]
o T

4, Mittag-Leffler expansion: A theorem of function theory known as the

Mittag-Lefflér ‘theorem states that a meromorphic function of the form of
Eq. 3.01 can be.represented as a series of partial fractions as in Eq. 3.14.
FIG. 3.2.--p*(t) for Maclaurin expansion of e ST. ? ?

N A
F(s) = F(0) + lin 3 n (3.14)
N-o nZ-N\s - s,

0 < lsql < [sgl s lsgl------

The s, are the poles of the meromorphic function having residues, 4. A

oT rational approximation to F(s) is obtained by using only a finite number of

terms of the series corresponding to conjugate pole pairs. The utility of

this method is severely limited by the difficulty in finding the pole posi-

tions. Except in the simplest cases, the location of the pole positions in-
volves the simultaneous solution of a set of mixed algebraic and transcendental
equations.

Another rationalization procedure using the Mittag-Leffler expansion,
but employing an essentially different network viewpoint, is to derive an
approximate equivalent circuit for the terminated delay line consisting of a
finite number of lumped elements. Thus, this method performs the ration-
alization before the transfer function is formed. Zinn! ‘and S::helluu'm)‘ff2
use the first few terms of the Mittag-Leffler expansion of the driving point
immittance of a distributed element with resistive termination to obtain the

e lumped-element equivalent! From the partial fraction expansion of the im-

or 3T | mittance function, the Foster canonical form for the lumped-element equivalent

can be obtained directly.
FIG. 3.4.--p*(t) for Padé approximant for e-3T, The network in Fig. 3.5 has a rectangular pulse output when driven with
P=2 qg=4 a step function voltage input. The input. impedance of the short-circuited

TM. K. Zinn, *‘Network representation of transcendental inpedance functions,’
Bell System Tech. Jour., vol. 31, March 1952, pp.378-404.

23. A. Schelkunoff, ‘‘Representation of impedance functions in terms of
resonant frequencies,’’ Proc. IRE, vol. 32, February 1944, pp.83-90.
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+ +
u_g(t) L $ecr)

a) Network to produce rectangular pulse from step function input.

2T
c) p*(t) for lumped-e lement approximation to (a).

FIG. 3.5.--Lunped-element approximation

to short-circuited delay line.

line is given by

1- e-xT]

7+ o7 (3.15)

Z(s) =Ro[

Poles of this function occur at sT = +j(2n:- 1) 7. The residues, ay, are

given by

- 2o - 2By

ST
-Te” T opesjon-1)r T

Then the rationalized driving-point impedance obtained by using the first four

poles nearest the origin is
4B
20 o
(s) T

Let T = 7, then

P*(s) 1['—2"(” }=%[( e ]

sl z0(s) 21 1,65+ 1.25)(s2 + . 94s + 7.25)

pe(t) = 2.58:79:8% sin (0.782¢ - 0.167) + 0.455¢"0-47% cos5 (2.65t - 0.348)

From these results it is apparent that rationalization of the transfer
functions in the s-domain results in some serious limitations in obtaining the
time response of line-lumped networks. -First of all, although the error in
approximation of a transfer function by a rational function can be made reasonably.
small over a large bandwidth, it is not obvious what the corresponding error
in the time response will be. The problem of correlation of steady.state and
transient approximation errors is well known to circuit theorists and seems
not yet to be completely solved, In any case, for reasonably good results the
rational approximation must’ contain a large number of terms thus resulting in
unwieldy transfer functions. Furthermore, for a given complexity, it is not
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obvious which of the rationalization procedures should be used for g Particular
problem, i ure of ‘the rational approximation in the s-domain

is the inherent inabiliny‘ to reproduce ‘‘echo’’ type responses in the time
domain and hence -a rationa] 3FProximation gives a large erpor in the time
Tesponse near 3 disconzinuity removed from the -time origin, It is felt that;
in many cases these disadvantages outweigh the advantage of having .a rational
transfer function. Indeed, one of the main Premises of thig study is that the
responses of line-lumped networks have distinct characneristic§ useful for
synthesis Purposes :and that it is not desirable to consider these networks as

@ special ‘class of lumped-elemenc networks,

C. RATIONALIZATTON IN THE z-DoMATN (TIME-SERIES METHODS )

The rationalization Procedures of the Preceding ‘section can be mani-
pulated to give a very close approximation to the transfer function of a line.
lumped network over a limited region of the Spectrum, but the error and error
distribnt‘ion in the time response, resulting from this approximation, s not
readily known, It would be desirable to have a mathematical description for
time functions from which the behavior of the function ip a specific i
region could easily be deduced. This would be very useful for synthesis of
arbitrary time responses since local error control in 4 limited time r.
could be appljeq.

egion

A time-domain descri
sampled-data control ‘s
is the time series;

From Shannon’s sampling
Presented exactly by a series of pulses
of the form gin t)/t delayed by 4 time interval, s = 7/Q, as shown in Eq. 3,16,

_ e SinQt < ky) o TsinZ - k7)
- Sin Ot - ky)
o) Ko % Ut < kn) K % Z(t < k) (3.16)
r

The sequence,

time function except the
bandwidth, 0, This Sequence is called the time series for f(t). The individual

- 38 -
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uence are called the sample values ?nd f.he tumle d);zi:ce

T e i ulses, 7, is called the sampling interva .h e
o s“cceeth"g pa ;t ;ll other sampling instants so that t : ;
b gulse‘u'z:: endent of all pulse magnitudes except the lt ;0
e de l\sxb::a«:tpim-n of two time functions corresponiis m:::izs

St o e ing eléments of their time .
otk lnportes dimae ipororion ok ice fovntounti comation on
A"it}"?r ’mioizzn:im:nfunc:ians, f(t) and g(t), is represented by Eq.
volution o

® (3.18)
V(1) = S() " e(t) 2 [ f(0) g(t - o) do

. is the output
ion is that y(t) is
. i f the above operation O £(%).
ical interpretation o driving forse,
b urmies li‘lt r having an impulse response, g(t) and
of a linear filte

i two

i 1 re of time series operations is that ?onvfluc:::i::‘ >
b ds to serial multiplication of the)r.blme Tl
asiovcy cone?ponchut the convolution of two of the (sin t)/t pt 48 s
e e el ot s form with a magnitude equal to the pru:“.th e
eteater ot oo ?he‘s'a:! 1 pulses. Convolution can be perforvfle dw; fomas
componens polee oF {37 sparaiely w3 foe finek resels bu brsinad b
component pulse o

position,

® sin 7 (t Jr) o2,
z Z (v -r) k%
T

sinZ (t -kt - o)
T(t - k7T - o)
7

do

HORNIDR NG

n

2 —kre o)

n

sin 7 (t - kT - T)H?%b,,—ﬂmj‘
G

T (t - kT = T)
7

m

. . in 7 (t - m7)

H"g["("*])ﬂ:zbms "T(t-m'r)
-%bk_-z[g-(k+j)7] m T
=
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It should be noted that the sample values for the convolution product are the
same as the coefficients of the product of two polynomials whose coefficients

are the sample values of the convolved time functions.

(a5 % agx + aga? +'- - . apeP)(by + bys + box? + - - . bgx?)
(3.21)
T agbo * (aghg +agby) x + (aghy +aghy + agby) x2 4 - o - + a,byxP*e

This polynomial representation will be found to be very important later as the
connecting link between the time series and the Laplace transform of a time
function. ‘

The inverse convolution, e.g., to find the time series for g(t), given
the time series for y(t) and f(t) in Eq. 8.18, is performed simply by serial
division, analogous to the quotient of two polynomials.

Analysis by time-series methods can represent a considerable time saving
since the necessity of performing the tedious task of factoring a large-order
polynomial in s and adding the inverse transforms of the partial fractions is
avoided. Furthermore, the time series operations are directly applicable to
digital computer techniques or other methods of numerical analysis.

Obviously, physical systems cannot be band-limited. A time function with
a finite bandwidth cannot be identically zero over a finite (or infinite)
interval. Conversely, the time functions relevant to the analysis of physical
networks must be zero for all t < to» hence their spectra must have infinite
bandwidth. In order to maintain an exact time series representation, the
sampling interval would have to be made vanishingly small, thus making the
time-series and continuous-function representations indistinguishable. To
preserve the utility of the time-series method, an approximate representation
is obtained by letting Q - ® but retaining a finite sampling interval, .

This operation results in an impulse sequence for which the area of the kth
impulse is equal to the kth sample value. The sequence of the coefficients of
the unit impulse functions is still the time -series for f(t) and as such is
not an approximate but only incomplete representation for. f(t); the time series
gives no information about the inter-sample behavior of the function as it did
in the case of band-limited functions. On the other hand, the sequence of
impulse functions, f*(t), is an approximation to f(t).

THUE = 2, A7) ug (1 - k1) = 5 0y ufe - ka)

jan frequency
1f it can be established that the spectral components above a radian c.{ e
i i roxima
Q involve a negligible contribution to the time function, then thekapp
. R is t
£%() can be considered a good one if the sampling interval is ta

i ing i Lways improves the approx
T < (n/Q). Decreasing the sampling interval alway B e

en to be

imation,

but in the interest of economy in the time-series representation,

. R .

interval will be chosen as large as possible.. B
The Laplace transform of f*(t) is easily found. From Eq. 3.

L -skT

(f[f'(')] = kia f(kr) eSkT = kgo ap

i tion,
Eq. 3.23 is given in a more convenient form by transforma

2

The resulting F*(z) is called the z-transform of f(t).
= 2 k
Fr(z) = 3 o

3 by oo -
= a, + ayz + 112:2 + a3z + a,z
power series in 2z for

i coefficients in the
Notice the important fact that the e astom

fe
F*(z) are the sample values for f(t). Hereafter we shall re

i i ies.
of a time function rather than its time serie

i i lace transform,
i function has a rational Lap : ) "
N It will be shown that a very simple relationship

its z-transform can

i losed form.
e betonn ot jon expansion of the Laplace transform and the

Sl . -
exists between the partial-frac e v ilute o vl iigte

i - m.
partial fraction expansion of the z-transfor

exponential time function of Fig. 3.6 are

3.25)
1, &7, e-2am | o-3a7, evbor . .. (

Hence, the z-transform is

.26
-at, 4 ¢-2aT,2 4 edaT 3 4 L. . - (3.26)

Fr(z) =1 +e

his is a power series 1n € a7, with unit coefficients. The closed form of this
n h £ £ th:

series is recognized to be

= ST
ISeveral authors use z = e,

he star denotes that the z-transform o
|2

omitted from the z-transform.

i i been
ampled time function l{l‘as
i the star will be
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Sample values

F‘(z)‘j .

But the Laplace transform of this time function is

F(s) =

3.28
s ta ( )

e

The terms in Eqs. 3.27 and 3.28 are typical terms of a partial-fraction ex-
pansion of the Laplace transform and the z-transform. The same correspondence FIG.. 3.6.--Sampled exponential time function
exists if a is complex, so the z-transform of a time function can be obtained
directly from the Laplace transform. The correspondence between transforms

for multiple-order poles is derived in Appendix B. The z-transforms and Laplace
transforms for several time functions are listed in Table 1, on page 48

The question of intersample hehavior of f(t) for o given F*(z) can best

be studied by considering the implications of the transformation, z = ¢~S7T
The imaginary axis of the s-plane maps into the unit circle in the z-plane
as shown in Fig. 3.7, The region outside the unit circle corresponds to the

left-half plane of s, hence the z-transform of a stable time function will
have its poles on or outside the unit circle. The correspondence between the
s- and z-planes is not one-to-one. For instance, the pole at z = ¢ maps into

the infinite number of poles in s at -1/7 log a tj 2nm/T rad/sec. The whole

z-plane maps into an infinite horizontal strip of widch 27/7 rad/sec. in the
s-plane. For any single-valued Q(z), the corresponding R(s) will be periodic
along any line Re s = constant. ' In particular, the spectrum of the impulse

sequence, f*(t), is always periodic

There are ‘an infinite number of continuous time functions having the same
sample-value representation, f*(t), and hence the same z-transform, F*(z).
Obviously, any time function having zeros at the sampling points can be added

to another time function having the correct sample values, yielding a time
function with the same z-transform. This non-uniqueness in the inverse z-
transform is illustrated in Fig. 3.8. These wildly varying oscillations in

the intersample region of a time function cannot be tolerated for analysis

purposes. It would be desirable to have an assurance that the interpolation
between sample values of a time function is relatively ‘‘smooth’’ go. that

the intersample behavior could be easily sketched. This can always be ac- sT

i - rmation z = e~
complished by making the sampling interval sufficiently small. In choosing FIG. 3.7.--The transfo

a suitable value for the interval, 7, it is helpful to examine the pole-position

S 42 -
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loci - in the z-plane and in the sT-plane as T is decreased. These are shown
in Fig.. 3.9 for a time function whose Laplace transform has a complex-conjugate
pole pair. As 7 decreases indefinitely, the pole and zero positions converge
toward the point z = 1

One criterion for the maximum sampling interval is to require that all
poles in the z-plane lie: within a region sufficiently close to the point
2 = 1. If the angle of the pole positions is required to be less than b,
hen each sinusoid will have at least 27/é samples per cycle. For highly

damped functions it is desirable also to restrict the radial distance of the

poles from the origin. If the poles are restricted to the range,1 < |z| <R,
Then succeeding samplesf a simple exponmential (or envelope of a damped
sinusoid) differ at most by a factor of R-1. When these two restrictions
are combined, the poles must lie in the region defined by Eq. 3.29 ] FIG. 3.8.--Two time functions having the same z-transform.

-¢p<argz S 1< |2 <R ' (3.29)

The corresponding restriction on the pole positions of the Laplace transform

of the continuous time function in the s-plane is

Sws

¢
-

1
; ——logR<a<0 (3.30)
T

Thus the poles in the s-plane must lie in the principal-value strip centered

about the origin in Fig. 3.7. It is conceivable that if the poles were located
in other horizontal strips, the conditions of Eq. 3.29 could still be satis-

fied (refer to Fig. 3.9). This possibility can be excluded since, if 7 were

‘decreased, the angle of the pole positions would increase to a value greater

than ¢. This difficulty can be resolved by adding another condition to the

criterion, mamely, the poles must remain in the region defined by Eq. 3.29
for all smaller values of 7. This condition is equivalent to confining the
poles of the transform of the continuous time function to the principal-

value strip in the s-plane. A reasonable practical determination for Tpg.

is obtained by letting ¢ = 7/2 and R =1.5. This allows.at least four sample

values per cycle for each sinusoid and maximum variation of about forty percent

between successive samples of each real exponential.
If the z-transform method is to be useful as an analysis or synthesis
technique, the time series operations discussed in connectionwith band-limited

functions must still be applicable, In particular, does the product of two FIG. 3.9.--Pole-zero loci for decreasing T
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I
i convolurion of the t¥o corresponding .
(
ntztion is only zpproximate o [s]
ns, the n
- a
| Te illustrate
sampie values for F1(2)G*(2) and FG*(z). the simple o x x X X X X
| - i jon with the impulse response of an too | L X x oo°°°°°°°°°
3 319 for warious values of sampling interval. o 000°
- ]
“(2)G*(z), improves as the sampling imterval o
~ ]
. 3 _ e-at
the output voltage is Y 1 - e
] B X
\ °
°
1 (3.31) 0.5@ X,
+a o = |
x o—ar = 0.1
°
neforn is ° X —ar = 0.2
i o =
§ (e?T - 1) 2z a-ar =0.5
T o) (3-32)
(z - 1)(z - %) ¢
| | | | -
0 1 2 3 4 at
i Conrolution of two impulses of area ay and by over the interval 7 yields a
szmple value of 7agby; hence the approximate z-transform of the output is 5
. . FIG. 3.10.--Convolution by multiplication of z-transforms.
\ given by
1 &
(3.33) ,
Let
. : LLf(t)] = F(s) (rational) (3.35)
&7!0'7 - E
aT 1 . "
—_— 3. i ]
T T (: ) ! g(t) = kgo ap u(t - k) (3.36)
The distur3ingly large errors for apparently reasonable values cf 7 suggest g G - § k
‘that for convolution purposes, approximation by an impulse sequence is not ; (z) Zo %k * (3.37)
sufficiently close. Fortunately, a slight modification of the method can
be made to yield very good results without decreasing the sampling interval.
In order to develop this method it must first be shown that convolution of a § h(t) = f(t) * g(t) (3.38)
continuous time function with an impulse sequence can be represented exactly 3
in terms of sample values simply by multiplication of their respective z-
Performing the indicated convolution, we have

transforms.
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pical time fumcticms.

Fs)

TABLE I.--(Cont’d)

Frz)

f(r) (£>0)

F(s)

t
& ae't

736075 (22 + 4972 + 22T
6(z - e9T)%

u_g(t) - u_l(t - kT)
(rectangular pulse)

o (t/mt1)

7_11__._

s +Llloga

(z-a)

(4 +_”)a- (t/r 42)
p

1
2

1

2 P
(s +L log a)? (s +.L log a)
T T

(z-a)

2
,(1 +§+ tg)a’(t/f +3)

(s +Lloga) s+Xloga
T 7

1

(z - a)

f(t - kr)

kR (S)

2RFv(z)

V(01 oyt - k)]

F(s) 3 ape™SkT

F*(z) % ayk

e (1)

F(s +a)

F*(e™%z)

m g (1)

lin op(s)

s

B
i re)

Lin f(2)

lin ()

s=0

L1 2) )
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H*(z) = F*(z) G(2) (3.41)

of Eqs. 3.36 and 3.37 have con-

Lysis of line-lumped networks as

Time functions and z-transforms in the form
siderable practical significance in the ana
will be pointed out later. The impuise response of a purely distributed-
element network must be of the form of Eq. 3.36.

Returning to the problem of obtaining a better approximation to the

continuous time function, an obvious improvement is to replace each: impulse

in f*(t) by a rectangular pulse with height equal to the samp
This results in the staircase

le value and

duration equal to the sampling interval.

approximation of Fig. 3.11. An even better approximacion is obtained by

replacing the impulses with triangular pulses of duration 27. The convolution

operation can best be visualized by the aid of block diagrams and transfer
functions. The operation of replacing the impuses by finite pulses can be
represented by the linear filters of Fig. 3.12. These filters are called
low-pass interpolation filters. The fact that an output before t = 0 may
be required is immaterial since the filters represent only mathematical
operations. The operation of taking the z-transform of atime function is
represented synbolically by some authors simply as a sampling switch. Linvilll
prefers the use of an impulse nodulator having the properties shown in Fig.
3.13. Sampling is a non-linear operation and as such cannmot be represented
by a transfer function. The convolution performed in Eq. 3.33 has the block
diagram representation of Fig. 3.14. The improved method of convolution is
shown in Fig. 3.15. The interpolation filter converts the sampled signal
from F(s) into a signal more nearly like f(t) at the input to G(s). The
combined transfer function of the interpolation filter and G(s) is the pro-

duct of a function rational in s and a function rational in z, [J{s)G(s)][K(l)l'

1y, K. Linvill ‘‘Use of sampled functions for time domain synthesis, '’
Proc. National Electronics Conference, Vol. 9., September 1953, pp- 533-542.

- 50 -
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hen - ination i :
ce the z-transform of the combination is obtained by multiplication as

indicated in Eq. 3.41. To illustrate the application of this method, con-
sider_the convolution problem of Fig. 3.10. If a rectangular pulse inter-
polation filter! is used (Fig. 3.16), the combined transfer function between

impulse modulators is given by

J(s) G(s) K (z) = ﬁ (-

The corresponding z-transform is

Now combining this with the z-transform of the unit step, we get the ap-
proximate z-transform of the output

/_1_>< (9T - 1) 2 (9T . 1) 1
e oe - e‘"))” ey

By cqmpnri:on with Eq. 3.32 it is noticed that the exact z-transform resulted
in this case. Fortunstely, the rectangular pulse interpolation filter was a
good choice for this example. Notice that this particular interpolation filter
converted the sampled step function back to its original shape, thus making
the input to the RC filter exact. This behavior, of course, will not - happen
in general and usually the triangular interpolation will give better results.
To recapitulate, the analytical use of interpolation filters to obtain better
approximations to the time functions has greatly improved the. accuracy of the
convolution process without the necessity of decreasing the sampling interval
and has retained the utility of the z-transform as an analysis method.

The application of z-transform techniques to the problem of finding the
time response of line-lumped networks is very similar to the analysis of mixed
sampled-data and continuous systems. The delay operators of the form eksT

1Called a '‘holding circuit’' in servomechanism theory.

CIA-RDP81-01043R001200220005-5
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3 uolt - k7).

o0 . :
. %f(kf) u,(t -

;. 3.13.--Impulse modulator.

WL S ,','HH“‘ }

I J’lJIM
Kl e il na il e

FIG. 3.14.--Symbolic representation of
convolution problem of Fig. 3.10.

)

J(s) K(z)
Int.
filter

0 T ] [(s) G(s))[K(2)]

— ug(t) - u_g(t - 7)
FIG. 3.15.--Improved convolution method.

Transfer function = JS_ (1-z)

@) Rectangalar-pulse interpolalion.

T 0 T

——

s
T2 4(t +7) ~%u_1(t) ++n_l{t'7) ) mi_ﬂ-)“ Sz

Transfer function = — 22107
2 FIG. 3.16.--Exanple with staircase approxination.

TS z
b) Trisngular-pulse interpolation.

FIG. 3.12.--Lov-pass interpolation filters.
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. . i k
in the transfer functions of line-lumped networks transform simply to z%. -

The z-transform method is not characterized by the inability to reproduce

discontinuous or echo type or responses at times removed from the time origin,

Consideration of the general form of the transfer function (Eq. 3.01) reveals
that the numerator and denominator are composed of the sum of products of
functions rational in s and functions rational in z. Hence the z-transform

of the numerator. and denominator can be found simply by application of Eq. 3.41
and the use of an interpolation filter. Inversion by expanding the resulting
ratio of polynomials in z in a power series in z is equivalent to the inverse
convolution of two time functions whose Laplace transforms are the numerator
and denominator respectively of the transfer function. The example of Eq. 3.45

is shown using triangular interpolation filters.

Ag(s) * Ay(s) e STL + ag(s) 513
By(s) + By(s) e=°12 + By(s) =514

Y(s) =

Ag(z) +Af(z) *1 + A3(z) 2*3

Yo(z) &
z (z - “C‘(z)—+ ko-1 9. ky-1 9.+
—a z (z - 1)%y(z) + Rz - 1)2¢(2)

= Bop(s)
Conl(s) ‘752‘5-*: kg, kg - - -k, are integers

8 t 842 t gzl 4 -

-+ gyf
ho + hyz + hoz? + - 0 - + kgt

Yr(z) ¥

For this analysis it is required that all delay lines in the nmetwork be
of commensurate length so that each T will be an integral multiple of the
sampling interval, 7. This requirement will not be a serious practical
limitation.. The inversion of the z-transform of Eq. 3.47 will normally ‘be
accomplished by long division but in the simpler cases a partial-fraction

expansion could be used. The following examples will illustrate the method.

Example 1;' The sample values of the rectangular pulse, p(t), used for an
example in Section B, are easily obtained from a series expansion of P*(z).

No interpolation is necessary.

_1-esT
P(s) = ——

5
Pria) =T s b e a2 3 b
1-2

Example 2: The network example of Fig. 3.1. in Section III-A will be used to
illustrate the procedure for finding the approximate sample values.

From Eq. 3.05,

Now using only rectangular-pulse interpolation as shown in Fig. 3.12a, we

let

A*(z)

Y2(2) T S T - 2

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



eclassified in Part - Sanitized Coj oved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5

4
4%(z) = 5

Choose 7 = 0.5 seconds, then

0.39323 ]

4
P |
{z) 3[(1 " 2)(1 - 0.607z)

21
1 - 0.607z

- 4+ 1.39325
3(1 - 2)(1 - 0.6072)

A%(z) - 1.57:%
Co(z)[L - 2] (3 - 1.822 - 24 + 1.39320)(1 - 2)

V(z) ¥

1.5723
T4.822 + 1.82:2 - 2% + 2.39320 - 1.393:8

.
Vo(z) ¥
9(z) 3
The approximate sample values of vg(t) are coefficients of the power series
in z obtained simply by long division.

s
Vi(s) ¥ 0.5242% + 0.842:% + 1.032:% + 1.45025 + 1.39627

+ 141028 + 1.3382% + 1.242:10 + 1.219211 + 1.087212 + 0.980:13

+ 0.917:24 + 0.914215 + 0.880226 + 0.884217 + 0.917:18 + 0.96521°

+ 0983220 + 1020221 + 1.040222 + 1.05722% + 1.017:24 4. - -

These sample values are plotted on the graph of Fig. 3.1b for comparison with
the actual time function. :

A few concluding comments on the time-series method of analysis may be
appropriate. If the time response of a line-lumped network should contain
impulses, an ambiguity arises in that the z-transform cannot distinguish
between an impulse and a finite sample value. Tt is usually a simple matter
to determine the existence of impulsive responses by other means so that the
ambiguity may be resolved. :

The time-series is a useful representation for numerical data such as
the impulse response or driving function of a filter.  This will be discussed
later in connection with the problem of synthesis of a prescribed transient
response. Huggins! has pointed out that a large error in the sample values
may result when the division process is carried out if there exists even a
small error in the initial sample values of the numerator and denominator.

He suggests a new variable, A, related linearly to z but having its origin
correspond to a value of s different from infinity. This reduces the effect
of high-frequency ‘‘noise’’ disturbing the initial sample values.

An essentially different approach to the determination of the z-transform
is presented by Boxer and Thaler?. The transformation s = 1/7 In z is ap-
proximated by a rational function in z. By substitution of this function in
the Laplace transform for s, an approximate z-transform is obtained. The

inversion is carried out by the long division process.

1y, H. Huggins, ‘A low-pass transformation for z-transforms,
IRE Trams., Vol. CT-1, September 1954, Correspondence p- 69. .

2R. Boxer and S. Thaler, c¢q simplified method of solving linear
and non- linear systems,’’ Proc. 1RE, Vol. 44, January 1956, pp- 89-101.

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



Declassified in Part - Sanitized Coj roved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5

IV.  RESPONSE CHARACTERISTICS OF LINE-LUMPED NETWORKS

The purpose of this chapter is to discuss those properties of frequency-
domain and time-domain response of line:lumped networks which are significantly
ifferent fronm the response characteristics of purely lumped-element networks.
Some of these differences were mentioned in Chapter III. It is from a know-
ledge of these special response properties that we hope to be able to develop
sozme useful synthesis technigues.

A large part of the network theory developed for lumped-element networks
is sufficiently general to include the idealized distributed element. 1In
particular, thoss arguments based upon energy considerations apply equally
well to line-lumped networks. For instance, the driving-point immittance
of & passive line-lumped network must be positive-real, therefore it has no
zeros or poles in the right half of the s-plame.’ A reactance function,

X(s), has all zeros and poles on the w-axis, obeying the separation property
and dX/dw 2 0 for all w. Any stable line-lumped network must have no natural
frequencies in the right-half plane.

The important results of this chapter are presented as theorems in order
to emphasize the facts which are essential to an understanding of the be-

havior of line-lumped networks.
A.  FREQUENCY-DOMAIN PROPERTIES

In this chapter it will be assumed that the delay-line lengths are
commensurabie, i.e.. there exists some time interval, 7, which is a common
subnultiple of the time delay of all elements of the network. This restric-
tion imposes no practical difficulty and simplifies the analysis.

Theorem 1: The tramsjer function of a network containing only delay lines
and resistors is periodic on any path, 0 = constant, in the s-plane. This
relation follows from the fact that the transfer function is rational in

e 7, and hence in z. The locations of the poles and zeros in the s-plane
can be found by locatinz the poles and zeros in the z-pluns, since each
horizontal strip of width 27/7 in the s-plane maps into the entire z-plane.
Thé resulting pole-zero pattern consists of vertical '‘strings’' of equally
spaced poles and zeros in the s-plane. This property of perindic froquency
response will be useful for synthesis, as demonstrated in Chaprer V.

The zeneral form for the transfer function of a lina-lumpsd nntwork was
given in Eq. 3:01. By multiplying the numerator and denominator by poly-

nomials in s, this expression can be put in the fovm of V. 4.0).

Pao(s) + Poy(s) e™T + Pig(s) e 25T + -
Pgo(s) + Pgy(s) e 57 + - « - Pg e VT

F(s) =

st
(4.01)

Where the P, (s) and Pgy(s) are polynomials in s. F(s) is a meromorphic
function and as such its only singularities in the finite part of the s-
plane are isolated poles. In the form of Eq. 4.01, the poles are given
only by the zeros of the denominator. In order to find the nature of the
pole-zero locations of the transfer function, we should investigate the
zero positions of a function of the form of Eq. 4.02 since the numerator

and denominator of the transfer function are of this same form.

R(s) = kg‘o Py(s) e7ksT

: : -sT
where Py(s) are polynomials in s, and n is the highest power of e™*7.

could equally well be written:
= & p.(esT) s (4-03)
R(s) ]éo Qj(e™™7) s 4

where the Q; (e”5T) are polynomials in ¢ °7 and m is the degree of the Py (s)
of highest degree.

The process of solving for the zeros of R(s) directly is a hopelessly
tedious task; however some important general statements can be made. In
function theory, R(s) is classified as an integral function of order one;
it might be considered the simplest class of integral functions except for ;
the polynomial, which is of order zero. For a further study of the properties
of these functions, the texts of Titchmarsh! and Copson® are excellent re-
ferences.

From physical reasoning we should expect that the pole-zero locations

should tend to become periodic in w as s is made very large. For some

1E. C. Titchmarch, The Theory of Functions, Oxford Press, 1932, Ch. IIT,
and Ch. VIII.

2E. T. Copson, An Introduction to the Theory of Functions of a Complex
Variable, Oxford Press, 1935, Ch. VIL.
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sufficiently large s, all capacitors in the network approach short-circuits
and all inductors approach open-circuits, .so that at high frequencies the
network is essentially a delay line and resistor network.. From theorem 1,
the poles and zeros lie equally spaced on. vertical lines in the s-plane.

In fact, from Eq. 4.03 we can find periodic sets of zeros which are ap-
proached asymptotically by the zeros of R(s) as s becomes large.

Theorem 2: The zeros of R(s) approach the, zeros of Qu(e”ST) as

R(s) :s”‘{Qm(e’”) +[QL‘1 +Q’"—§2+, - - +Q—’J}

s s s

For any finite o, the Q] are bounded; as s = ® for finite o, the term

becomes arbitrarily small compared to Q,. Hence the roots of the predominant
term, Q, determine the roots of R(s) in this region.

Theorem 3: The number of zeros in any infinite horizontal strip of finite
width is finite. Refering to Fig. 4.1, region I, inside the rectangle
bounded by 0y, 0y, @s.and wy must, of course, have only a finite number of
zeros since the region is of finite extent. (Since the zeros are isolated,

a finite region contains a finite number of zeros.) In region II, the term
n -k
S Py(s) e ST
KZg Fr(®)

can be made arbitrarily small compared to P,(s) by choosing oy sufficiently
large; the zeros in this region approach the zeros of P,.

R(s) = Py(s) + {Py(s) e 5T + Py(s) 2T h Ll P,(s) e T}

— Py(s) aso =@
Similarly, in region III,

R(s) = e ™7 {P (s) + [P_g(s) €T + - - - + P (s) e"$T]}

For |og| sufficiently large in the LHP,
R(s) = e™T Py (s)
fiy these arguments; theorem 3 is provem1

The network examples of Fig. 4.2 illustrate the nature of the pole-zero

pattern in the s-plane for simple impedance functions.

FIG. 4.1.--Typical s-plane region used in
the proof of Theorem 3.

11t can also be shown, by an extension of Jemsen's theorem, that since

R(s) is of order one, the series

o i
2

itrari li of the zeros. This
i for € arbitrarily small. r, are the moduli o )
Y;;ii::“:;:ien(r) <k r(§+e); n(r) is the number of zeros in a circle of
radius r, and k is independent of r.

See Titchmarsh, op. cit. p. 249.
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! B. TRANSIENT RESPONSE CHARACTERISTICS
Z4(s)—>
Pl

._‘5-

The impulse response of a lumped-element network must have a rational
Laplace transform. The general form of this type of time function is the
sim of products of polynomials and exponentials in t for t> 0, hence the

L mrR) - g R T impulse response and all its derivatives must be continuous for all t > 0.

Zy(s) _RDW 9 The following discussion will point out some striking differences between
the impulse response of line-lunped networks and the impulse response of

lunped-element networks. These differences will be used to advantage in

Chapter V in the development of new approaches to the time-domain synthesis

problem.

Theorem 4: The impulse response of a network containing only delay lines

and resistors is an impulse sequence,

F(8) = B emolt - W)

2 -R 1+(R+Rn)cs+[1+(R»ﬂ,,)Cs]e"7
9(s) = R R ¥R,) G5 - U+ (R-By)Cs)e™

int 2 0. This relation is intuitively obvious from the fact that the
¢raveling waves on the delay lines must be impulses. It also follows

Q, for zeros =CI(R * Ry) * (R - R,) e™) | directly from Theorem 1 since the spectrum of the impulse response is peri-
odic. If the transfer function has no poles in the finite part of the s-
Q, for poles = CLR + Ry) - (R - o) e™T] plane, the impulse sequence is finite since the transfer function would be
a polynomial in e™°7T.

From series expansion of the transfer function of a line-lumped network

shown in Eq. 3.04, the nature of the impulse response can be determined.

Theorem 5: The impulse response of a Line-lunped network having delay para-

meters, Ty, Ty, - - - T,. consists of segments, of time functions having

rational Laplace transforms between definite break times, tp. The tj are

( R R+R +RRCs + [R-R -RECs]e"T given by

23(s) = =g

3 °R+E°+RRDCS-[R-RD-HOECS]c )
BTz % T (4.04)

Q, for zeros = FR,C(1 - esT)

The a,; assume all positive integral values including zero. At the tp.

les = RR,C(L + ™ kj i PR

Qp for poles = RRC(L + <) the impulse response or its derivatives may be discontinuous. This dis-

continuous behavior of the impulse response is the outstanding feature of

networks containing delay-line elements.: It is possible to comstruct a

FIG..4.2.--Some impedance functions and

pole-zero patterns. Iin fact, the integral of the impulse response may be discontinuous at

any or all tp.
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line-lumped network whose impulse response is non.--zero only over a finite
time interval. This particular form of impulse response will be called a
‘‘pulse-function’’ ‘and will receive considerable attention in the synthesis
procedures of Chapter V. For our;purposes we will define the pulse function,
p(t), more specifically as.a time function bounded in the interval,
T, <t<Ty

where T, 2 0, and being identically zero outside this interval.?

It will be interesting to study the properties of the transfer function,
P(s), of a network whose impulse response is a pulse function.
Theorem 6: A necessary condition that P(s) be the Laplace transform of a
pulse function is that P(s) have no poles in the finite part of the s-plane
and that the number of zeros in the entire s-plane be infinite. The Laplace

transform of P(s) is given by

© T
P(s) = { p(t) e Stde =] b p(t) e St dt
Ta

Since the limits of integration in Eq. 4.05.are finite, the expression must
converge to a finite value for all finite values of s. If, however, P(s)
has a finite number of zeros, it is a polynomial. The inverse transform of
a polynomial in s is the sum of an impulse and its derivatives at t = 0 and
hence does not satisfy the definition of a pulse function.

Theorem T: “A sufficient condition that P(s) be the Laplace transform of a

pulse function is that
P(s) = G(s) F(e*7T) (4.06)

ST such that

where G(s) is rational in s and F(e*T) is a polynomial in e~
all the poles of G(s) are exactly cancelled by zeros of F(e 7). The condi-
tion that p(t) be bounded requires that the number of zeros of G(s) be less

than the number of poles. The zero pattern of P(s) is obtained directly

21¢ is worth noting that networks with pulse-function impulse response
are characterized by step responses tangent to. the final value, rather than
asymptotic to the final value as in the case of lumped-element networks.

from the vertical ‘‘strings’’ of periodically spaced zeros generated by
F(e~ST) except that a finite number of these:zeros are cancelled by the poles
of G(s) and in addition. there are the arbitrarily placed zeros of G(s). The
zefo patterns for the transforms of particular pulse functions are shown in
Fig. 4.3.

The proof of Theorem 7 follows from an investigation of the integrand

of-the inversion integral for p(t) for different values of t.

-1 tgs = - B kst esta, 407
p(e) = on f P(s) eftds = — ?‘ G(s)[kgafke ]e s (4:07)
r

-

The path of integration is the usual Bromwich path which encloses the L}:{P in
s

By definition, the integrand, P(s) e°", has
q. 4.08 for t > n7,

an infinitely large semi-circle.
no poles in the finite part of the s-plane and from E
P(s) ¢t = 0 as s = ® in the LHP.

S(8-27) ¢ L - - fres (17T

P(s) €%t = G(s) [foest + f1e5(*7T) + foe

(4.08)

Thus the integral in Eq. 4.07 vanishes for all t > nT.

Note that convolution of a pulse function with another pulse function or

with a finite impulse sequence yields a pulse function. For this reason, the

supérposition of relatively simple zero patterns like those of Fig. 4.3 will
pulse function. Also, the sum of

give the zero pattern for a very complex
he. corresponding zero pattern is not

pulse functions is a pulse function but t

necessarily of the form of partially cancelled vertical strings of zeros.
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V. NETWORK SYNTHESIS

The response properties of line-lumped networks discussed in Chapter IV
suggest some new approaches to network synthesis. Synthesis procedures
having a lumped-element network realization make a sharp distinction be-

tween the approximation problem and the realization problem. In this case,

the prescribed response must be approximated by a limited class of functions.

The prescribed frequency response. must be approximated by functions rational

in jw ; the prescribed impulse response must be approximated by time functions

having rational Laplace transforms, thus having the form, 1

t?eSnT (13 0)

p>
nn

amn

The response of line-lumped networks is not nearly so restricted, and al-

though approximation and realization are still separate problems, the reali-

sation procedures are very closely linked to the various types of approxi-
mation procedures discussed in this chapter.

The general form of the transfer function for a line-lumped network,

represented by Eq. 3.01, is considered too complicated to be useful for

synthesis. Although realization procedures might be found for this general
form, the approximation problem would be very difficult and of questionable
value. Special forms of the tramsfer function, however; are applicable to
synthesis and furthermore have response characteristics radically different
from those of rational transfer functions. One such specialization which

exhibits many interesting possibilities is a transfer function composed of

the product of a function rational in s and a function rational in z.

H(s,z) = G(s) F(z) (5.01)

The cascading of networks is comsidered in the operational sense in

this chapter, i.e., the transfer function of a cascade of networks is equal

to the product of the individual transfer functions. Presumably unilateral
elements would be available for the actual network realization which could

serve as isolating devices.

FIG. 4.3.--Some pulse functions and A. TAPPED DELAY-LINE FILTER AND INTERPOLATION FILTER

zero patterns of their transforms.

The time-series representation for a function as discussed in Chapter IIT

Iihese are necessary conditions; not sufficient.

- 6T -
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would appear to be a very useful approximating function for a prescribed
impulse response. Fortunately, a very straightforward line-lumped network
realization for a time-series type of impulse response exists. This reali-
zation is a tapped-delay-line (TDL) filter used in conjunction with some
sort of interpolation filter. Referring to the circuit arrangement of

Fig. 5.1, the delay line is tapped at delay intervals equal to the sampling
interval of the time series. The line is terminated and tapped in such
manner as to make all reflections of nmegligible amplitude. The tap outputs,
after being individually adjusted to some prescribed level, are added to-
gether to form the output of the filter. Note that the impulse response
for the TDL filter is an impulse sequence for which the area of the kth
impulse can be arbitrarily set at fp (positive or negative). The fp’s are

called the tap factors.

N
F(1) = B, Tk Bolt - k) (5.02)

If the impulse response of the low-pass interpolation filter is g(t), the
impulse response of the cascade combination of both filters will be given by

N
h(t) = Z, fu 8(t - k) (5.03)

Suppose that the interpolation filter is an ideal low-pass filter, then
the impulse response of the combined network is that given by Eq. 3.16.

sin L (t - kT)

N
h(t) = kzo T () (3.16)

This is a continuous, band-limited time function which passes through the
prescribed sample values, fg, as determined by setting of the individual
tap factors.

This type of time-domain synthesis has several advantages over conven-
tional lumped-element network synthesis. First of all, it is readily ap-
plicable to numerically prescribed impulse response data; the approximation
problem involves only the choice of a suitable interpolating function, g(t).
Secondly, an obvious advantage is that once a TDL-interpolation filter has
been built it can be used repeatedly for many different prescribed impulse
responses provided that the tap factors are made adjustable by means of

potentiometers or other variable gain-elements. Thirdly, the ease of

- 68 -

FIG. 5.1.--TDL filter and i

FIG. 5.2.--Interpolati
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localized time-domain control with the TDL filter makes experimental align- By equating coefficients, N simultaneous equations are obtained.
ment of the filter a simple operation. This Jatter advantage is not a minor
consideration. In recent years, considerable emphasis has been placed on oo
the synthesis of networks wherein there exists nearly a one-to-one cor-
respondence between element values and the parameters of the prescribed = fo8q + f18o
response data. Although this procedure does not yield the optimum design
from the standpoint of network economy, this disadvantage is often offset ] S foeg t figs * f2%
by the simplicity of alignment and synthesis of the networkl.

Of course, the = foep+ free * fo81 * 3%

7
kg t

T sinZt

interpolating pulse is not physically realizable. The requirements for an

jdeal interpolating pulse are that the function be zero at all sampling

N
ay = Zo Tk BN-k

‘instants except one and that the intersample behavior be reasonably smooth.
This type of impulse response is physically realizable but not with purely
lumped-element networks. Line-lumped networks that meet these requirements
will be discussed in the next section. The question remains whether or not
+ lumped-element filter is etill uwseful. Is itpossible, by a The gj's are found from a series expansion of the z-transform of g(t). A
good interpolating function will have one predominant term of the time series
corresponding to the peak value of g(t). The fp’'s (the tap factors of the
TDL) can be found in terms of the prescribed ap’s by the simultaneous

solution of Eq. 5.06. This solution is easily accomplished by a step-by-

readjustment of the tap factors on the TDL, to obtain a time response passing
through the prescribed sample values when the interpolating function is the
impulse response of a lumped-element network? Using the z-transform repre-

sentation for the transfer function of the TDL filter, the overall transfer h
function can be written as in Eq. 5.01. step procedure. Note that if all the gj’s are very small compared “.) the
predominant term, the solution for the fp’s might well be done experi-
H(s, z) = F(z) G(s) (5.01) mentally as an alignment operation; the initial settings would correspond
to the ap’s-
where F(z) is a polynomial in z and G(s) is a cational tramsfer function of As an example of a practical interpolating pulse, consider
the interpolation filter. As shown by Egs. 3.35-3.41, the z-transform of G

a(e) = =2 n oot

the output can be represented by the product of F(z) and G*(z), the z-
transform of g(t)-

1 k for n = 2 as in Fig. 5.3.
H(z) = o0k P T FG*(z) = F(z) G*(z) (5.04)
o e0to + 2¢7%%0) = 0

Decl: -
lassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



K 005-5
Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220

2 s = [£ 20772
(5.09)

¢ _ e2a
) v ap
The parameter a can be adjusted so that the peak of the pulse occurs at a

sampling instant, e.g., let 2/a = 7,

g(t) [l el-:/v—] 2

I

= 1-7,2 ; | |
gj : | FIG. 5.3.--Interpolating function for
lumped-element filter.

=0, 1, 0.54, 0.165, 0.04, 0.008, 0.0015, - - -
a(t)

Prescribed response

h(t)

For practical use only five or six sample values of &(t) (Eq. 5.01) are o Approximation

necessary for an accurate representation. The approximation and realization

R -1, -1, 0, 0, 0,
for a specific example are shown in Figs. 5.4 and 5.5. Note that the align- 0be. =4, 1,1, -1, -1, -1, -4, -1, -1, -1

ability of the network has been essentially maintained.
12 h that {hyp} = {a}
s fy g(t - kr) suc
B." PULSE FUNCTION IMPULSE RESPONSE k=0
157 207
An important class of impulse response functions is the set of time —
functions having a finite time duration. .These are called pulse functions,
defined as a bounded time function with a finite number of discontinuities
in the function or its derivatives in the interval Ty <t < Ty and being
identically zero outside this interval. & simple pulse function will be
taken to mean a pulse function with no discontinuities in the function or
its derivatives in the interval Ty <t< Ty

As shown in Chapter IV, line-lumped networks can have pulse function

impulse responses. An investigation of the frequency-domain characteristics impulse response
_prescribed impulse
FIG. 5.4.--Pre

of the Laplace transform P(s) of the pulse function p(t) leads to some im- -
| and time series approximation

portant necessary and sufficient conditions that P(s) be the transform of a
pulse function.  In particular, it was noted that P(s) must have no poles

in the finite part of the s-plane. Furthermore, a sufficient condition

5-5
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4. 5.14 such that q(T-) = * q(0%),

i i distorted to g(t) as in. Eq 3
Now if p(t) is predisto d by a Fourier series.

. imat
a periodic extention of g(t) can be approximate

(5.14)
q(t) =e** p(t)

Let t) be the periodic e £ g(t) in the semi-infinite interva
q'(t) ic extension of q(t)

0<t<®

G, N omkt . Zﬂ)
G(s)= _ S— +iby, sin
e Gz et g (e T T

(s+% 2

t>0

t <0
6.460, 0.587, -1.432, -0.340, -0.603, -0.561, -0.583, -0.569

*0.427, -0.112, +0.0£3.

Network realization of impulse response of Fig. 5.4.
i thogonal
i i 1 manner by using the or
’ ’ btained in the norma
The a}’s and by’s are ol :
e sinusoidal functions.

states that properties of th

1 T
P(s, z) = G(s) F(z) (5.12) a, =_T_ g q(t) dt

where F(z) is a polynoiial having zeros in the s-plane which exactly cancel
the poles of G(s). The number of zeros of G(s) must be less than the
number of poles. A geometric interpretation of Eq. 5.12 is that F(z) pro-
vides one or more sets of periodically spaced zeros in vertical lines in

the s-plane. The poles of G(s) cancel certain of these conjugate zero

pairs resulting in a transfer function P(s) with a zero pattern consisting by = [ ag) sin :
of one or more partially cancelled zero sets plus the arbitrarily placed °
zeros of G(sj. See Fiz. 4.3.

An interesting pulse-function realization requiring only one zero set ; he *‘semi-periodie’’ qg(t) by the
(and hence a simple F(z) ) is the simple pulse function approximation Palt) The pulse function dq(t) 1 cbained from ¢
to the prescribed p(t) in the interval 0 € ¢ € T with the additional simple relation of Eq. 5.17T-
restriction that [p(T-)| < |p(o+)|.

defined by Eq. 5.13.

A real, positive parameter a can be
galt) = 04() - ga(t = T)

p(T-) = £ e prot)
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The approximation to P(t) is found by reversing the predistortion operation.

Pa(t) = e g (1) = &0t qiqr) - ool [a(tT) grep 1))

= pa(t) - eoT

Pa(t - T) (5.18)

) Prescribed pulse function, p(t).

) | ST I T

T oT 3T

b) Periodic extension of predistorted pulse function.

This completes the approximation operation; the realization proceeds by ex-
pressing the Laplace transform of Pa(t).

From Eq. 5.18.

Pafs) = P(s) [t - ewal o=l

Apply’ the shifting theorem to Eq. 5.1g. ; 0 !

(b) by the first

; c) Approximation to (a) resulting from representing
i e ] few terms of a Fourier series expansion.

FIG. 5.6.--Pulse function approximation
by Fourier series method.
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So that

¥ 27k

ay(s +a) t b

- a
’ = _"o
Fals) s+a+ k§1 (s?a)zf(

F(z)

Pg(s) is rational in s with all its poles in the LHP hence P/(s) can |

be realized as the. transfer function of a lumped-element filter. The zeros N (s +a) +b F(z) =1 - e-al,m
" Vo )
of 1- e (**)T cancel the 2¥ + 1 simple poles of Eq. 5.20. The transform

pé(“‘):k)::o (S+”~)+(7T7) -
of the simple pulse function can be written in the form of Eq. 5.12. where T = mT

realize

t
Pals. 2) = Pi(s) [1 - e omy (5.24) FIG. 5.7. - Tranefer fune e re of Fig. 5.6(c).

pulse function impulse response o

The transfer function, F(z) =K1 + "% ;™) can be realized as a voltage
transfer ratio by the simple L-section of Fig. 5.8. Notice that if the
ratio p(i-)/p(0+) is positive, the semi-periodic extension g’ (t) will be
continuous at the points t = nT. This means that the series for p(t) will
converge towards p(0+) and P(T-) at t = 0+and t = T-, hence discontinuities
in the impulse response can be realized at the leading and training edges

of the simple pulse function. If, on the other hand, the ratio p(T-)/p(0+)

is negative, the semi-periodic extension will be discontinuous at t = nT and

the series approximation for P(t) will go through zero at t = ¢ and t = T.

If it is desirable that the leading and trailing edges of this type of R -R

X . e v 1 my ;R E——
impulse response be very square, a somewhat more involved realization can ~2 (z) =3 {1+ k2715 R + R,
be used which permits discontinuities in p,(t) at £ = 0 and ¢ = T. If the v

even periodic extension .g”(t) of the predistorted pulse function gq(t)

: n M 2 ae . . . : : he voltage
is formed, the resulting semi-periodic function will be continuous at ork realization of t

FIG. 5.8.:-L-section netu -al,my

t = nT. The fundamental period will be 2T. Since the periodic extension transfer ratio, F(z) = K[1 £t e

is even, the approximation q5(t) can be a Fourier cosine series. The
. s B . 4 . .
amount of predistortion, determined by &, is now somewhat arbitrary since

any even periodic extension is continuous at t = nT.

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



v
Declassified in Part - S:
- Sanitized Cof oved for R
£ elease 2012/10/23 : CIA-RDI
-RDP81-01043R00120022000!
5-5

qi(t) =

N
~ e—aT[z o k -a(t- k(e -
S ap(-1)k et ) -0
20 e cos T “-1(1 -T)

(5.26)

Now to realize the network

the t i i
Lanlone oot ot B &3¢ ransfer function is found from the

N/2

ps)= & —fois

a(s) JT0 (s +a)’ + (?ﬂ)i’ (1= e (7))
T

N/2

By oy (e T
= s + ’
a) +Z i3 7 e ) (5.28)

Py(s, 2) = Fag(s) 1 - o-aT ) 4 pog(s) 1 + T 2" (5.29)
{

Note that the zero pattern is no longer periodic in this case since(
the transfer function is a sum of terms of the form of Eq. 5.24.

Obviously, a more general pulse function could be constructed from
the sum of several simple pulse functions having arbitrary shape and dura-
tion. In particular, the previous results suggest that the mathematical
models used for interpolation filters in Chapter TTI might be physically
realizable with line-lumped networks. A considerable improvement in the
realization procedure for an arbitrary impulse response by ‘the TDL-inter-
polation filter method results when the impulse response of the interpola-
tion filter can be realized as a pulse function. Basically the purpose
of the interpolation filter is to operate on the past sample values of the
input sequence such that the output is extended to the succeeding sample
value in some logical manner. This property of the filter is called its
memory since the future output is constructed from a knowledge of pre-
viously received sample values. For obvious reasons, the impulse response
of a filter is often called the ‘‘memory curve’' of the filter. If the
filter is to perform any reasonably good interpolation between the kth
and (kT 1)th sample values, the (k + 1)th sample value must be known.

This seems to imply that prediction is required of the filter since the

(k * 1)th has not yet been received at the input of the filter. Physically
realizable filters cannot have an output before being excited so that pre-
diction is impossible, however, if a time delay of one sampling interval is
allowed in the output of the filter, the (k +1)th sample value can contri-
bute to the interpolation between kT and (k + 1)7. In other words, after

a sufficient delay the (k + 1)th sample value becomes part of the memory of
the filter. In general, as the delay between the input sequence and the
output is increased the interpolation between sample values can be improved.

An  example of a useful type of interpolation is a polynomial in t.

The coefficients of -an nth degree polynomial can be adjusted such that the
polynomial passes through any arbitrary set of n sample values. The inter-
polation functions of Fig. 3.12 are the simplest examples of this type of
interpolation. The rectangular pulse might be considered as polynomial
interpolation of zero degree. It merely holds the output constant at a
value equal to the kth sample value until the (k + 1)th sample is received.

No prediction is involved and the filter has a memory only of the last

1-
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sample value. As a result, the staircase approximation of Fig. 3.11 is very

e As expected, this is a triangular pulse function of duration 27 and peak
{
crude. 2

i i i hysically
i i i this function by 7 makes it p
A first-degree interpolation may consist of fitting linear slopes value of 1, as in-Fig. 5.9b. Delaying meslus by 7 Snkos Lty
S realizable as the impulse response of a negwor
: : } ety " (5.35)
(t) =d, *agt ; kT <t < ( 1)r e
such ‘that
: ; i i d b
woen T similar manner;, a second degree interpolation can be devel:p: :e
N 4 { egr!
king the interpolation in the interval, kT <t < (k + 1), a secon
) - i . 5.36.
T polynomial passing through fr-1 fhofreg os in Ea

Solving for the a’s, we get

h(t) = ap + agr +agt? kr s v S (kL)
Sk )T = fryg kT
o T“

such that 2.9 -
ap +ag(k - )7 * ag(k - 1)°7% = fi-t
ay = fhi - T

a, *+ aght + agk?? = fp

2.2 =
aa+a1(k+1)-r+'12(k +1)%7% = frat

1
O = [k g ) ]

Express the a’s in terms of- the fp's: then
< (k+1)7

. ot - -k +1)7) SR
P . B TSPEEI C LV
But from Eq. 5.03 h(t) = 53 [ - k10 ( ‘ ;

- 5.37
h(t) = freg(t - kT) + friq gq(t - (k + 1)7) R P ) faai) ( )

merst pr<t < (R F1)T
Combine 5.32 and 5.33 and solve for g(t): i
1
81(t) =~ (t+7) So(k + 1))
| 7 | h(t) = f go(t - (k- 1)7) + fp gg(v - kT)* frig 8ot - ( )
t) = k-t

5.38)
er g€ (kT (
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and solving for go(t), we get

1
£2(1) = 5 [t (e + o)

oL o
Ut + ) 7)],

o[- -]

Fig. 5.9¢ shows 89(t) with a delay of 7. The transfer function of the inter-
polation filter is given by

ST +9
Go(s, 2) =T*2 3
9(s. z) P (1 2)

This type of interpolation with polynomials in t is known as Lagrangian
interpolation. The transfer functions are physically realizable with line-
lumped networks to the extent that a multiple order pole can be placed
arbitrarily close to the origin in the s-plane. A more precise procedure
can be developed by multiplying the Lagrangian interpolating polynomials
by e"*' and preceding as before. The resulting transfer function will then
have a multiple order pole at s = —q.

C.  SEGMENTAL REALIZATION OF IMPULSE RESPONSE

It was noted in Chapter IV that the impulse response of a line-lumped
network consists of segments of time functions having rational Laplace
transforms between critical values of time or ‘‘break points”’’ as deter-
mined by the lengths and configuration of the delay lines in the network.
However, these break points (where the impulse response or its derivatives
may be discontinuous) do not have to be spaced at equal time intervals.

In fact, a considerable saving on the number of taps required in the TDL
filter realization of a impulse response in which the intervals between
break. points are largely different can be accomplished by a somewhat dif-

ferent procedure. Suppose, for example, that the prescribed impulse response

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23

b) First degree interpolation.

¢) Second degree interpolation.

FIG. 5.9.--Polynomial interpolation filters.

i i ig. 5.10. Two con-
n be approximated by a polygonal function: as in Fig
ca

i impulse sequence, f(t),
i i jati £ h,(t) yields the impu f
e iameter fonetion, Pl ® can be realized by a TDL filter with un-

bhone of b |
B thas latans i centt wox 1f this filter is cascaded with a filter

equal time delays between taps.

apable of a double integration, G(s) =1 s2, then the impulse response
P 8 (s) / P
c

ination is h,(t). .
of the combination is hgy ) ) oL selee
A eral procedure for the realization of a segment P! :
 iaveln i i i i val by a sum o
e involves a separate approximation in each inter y
respons

S N
Usually the approximation is not critically dependent o
s

R ants of the individual exponentials;

the values chosen for the time const

hence it is reasonable to

n be used for approximation in each interval as in Eq. 5.41.
be used f. n
cal
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@) Polygonal approximation to h(t).

faug(t - gr)

51 107

f ) Faup(t - 12
Frag(t - 7) 28o(t - 67) o ™)
b) Second derivatiye of hg(t)

¢) Network realizati
tion of impulse
esponse,, h (1)
a(t).

FIG. 5.10.--p;ir
-10.--Diréct req] i
Spproximation to preseripey o °f Polygonal

ribed impulse regponse.

N 4
o [ ;
ho(t) = | Z agpe ; 0<t<Ty

N sp(t-T
P k(t-Tq),
=T ke ; Ty <t <Ty

-T,
= ; agp esk(! 2); Ty <t < Ty
k=1

N t-T,
s E e T o

Taking the Laplace transform of Eq. 5.41. we obtain

Ty 5Ty,

e

N a
- FLEN.
Hals) = 3y 0 07 °

N - To-T -sT.
st sTy esk( 9-Tq1) o2
15w

N
3k -sTy sp(T3-Tg) -sT3
* k)::l T (¢ - e e )

where Re sp % 0
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Rearranging terms, we have

approximations can ‘be made over finite time intervals, thus allowing for
much better error control within each interval. It might be useful to
develop a method for generating orthonormal sets of functions for a finite
time interval. Then the coefficients ek would be found by following the
usual procedure for making orthonormal expansions and the error would be
controlled in a mean square sense. Approximation in a finite time interval
sk(TE’Tj) allows another procedure which results in an approximating function passing

- B through the prescribed sample values in a given . interval. The z-transform
of the prescribed fesponse in the interval Tj_s <t < T; is given by a

N
+ 3 %3k A9k e
1
The z-transform

k= S - s

k
polynomial in z as“shown in the right-hand side of Eq..5.45.
of the approximating function in this interval is the ratio of two poly-

nomials in z as in the left-hand side of Eq. 5.45. The problem of solving

for nj’s and d;’s appears to be the' familiar Padé approximation problem
The problem is considerably simplified, however,
Hence the

mentioned in Chapter III.
since the d;’s are already determined by the choice of the sj.
n:’s are given directly as shown in Eq. 5.46. If N exponential functions

U .
are used in the approximation, then N sample values can be prescribed in

H, = Ty/m each interval.
a(s: 2) = Go(s) + Gy(s) 2 177 5 Go(s) R Gy ys) Tneifr

2 N-1
(5.44) Np(e) o mjo * njg® ¥ MjeEl 1 T MONA)T o h ok higathige? +- - - g o
Di(z)  djo T djqz ¥ djgrl ¥ - ¥ Jo J (5.45)

h .
where 7 is chosen to be a common submultiple of all the break ti T
The relatively simple form of the transfer function of Eq. 5 44”’“‘33' L
o 1 y " " q. 5. is a result
Auap};:rogxmanon in each interval by the same set of exponential functi

the G’s have the same pole locatj i ariom

I ations in the s-plane i -
Sk may be complex but they must be taken in conju pb ui o et docarions e hj1l + hjzz? o
ket meex bt they mat be ok gate pairs. Furthermore, '
o m i: o f’;(mjy be}_1)l "7 for all k and all j in order that
n Eq. 5. real, as required for physi izabili
The approximation problem consists of choosin physical realizability. "jo = 4jokjo
8

constants, sy, and then finding the a

2 N-1_q. sV
njo ¥ mjgz ¥ njezd k- - -miy )2l 2 (dj, +djgz ¥ +27)

a suitable set of time
ik’s a ing i

ik Econ_i“‘b to some suitable error nj1 = djohjt * ditho
ing an arbitrary time function over

: . by a finig ; ;
has received considerable attention. Kot © sum of exponential functions njg = d_;o"j? + djih-ji + ‘iﬂhjo

criterion. The problem of approximat.

the semi-infinite interval, 0'< ¢t <
has shown a method for generat-
nterval 0 < ¢t < ® consisti

X . B isting n;p=d; h:.g+d. h.o+doh:y+d:sh:
With line-lumped networks " " 1112 £ o

ing a set of functions orthonormal over the j
of linear combinations of the ¢ k.
however, the
1y (. '
- H. Kautz, ‘“Networks s P

) B ynthesis for s i
gesea?ch Laboratory of Electronics,, Massachu. ores

ambridge, Massachusetts, April 1959,

fied transient response’'tiiNo.209

setts Institute of Technology, B , it
miN-1) T, Lt (1)

ICourant and Hilbert, Methods of Mathematical Physics, Interscience, Vol. 1,

New York, N. Y. 1953, Chapter II.
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If §; (z)/Dj(z) is expanded in partial fractions;, the Laplace transform of
the approximating function can be identified in partial fraction form and

the a;,’s are obtained directly.

One realization for this type of impulse response is obvious from an
inspection of the transfer function (Eq. 5.44). This realization can be
a TDL filter whose tap factors, instead of being constants, are rational
functions of s as shown in Fig. 5.11. All the G’s have the same pole
locations but each zero pattern is different according to the coefficients

used in the approximating function in the particular interval.

D.  REALIZATION OF A TRANSFER FUNCTION RATIONAL IN

Previous realizations for transfer functions rational in z were limited
to those cases where F(z) was a polynomial in z; hence F(z) had no poles in
the finite part of the z-plane. This implies that the impulse response of
a network having a transfer function of this form will consist of a finite
impulse sequence, and the most direct realization is the TDL filter. Con-
versely, if F(z) has poles then the impulse response will be an infinite
impulse sequence.

The ability to realize a transfer function rational in z by a network
containing delay lines and resistors allows a radically different approach
to the design of a network having a prescribed output time response under
the influence of a given input function. This procedure is known general-

ly as ‘‘time-domain equalization.’’)'2 The given input and prescribed out-
put of Fig. 5.12 can be given a time series (z-transform) representation.

If the time-domain equalizer has a transfer function given by Eq. 5.48, then

ID. C. Espley, ‘‘The exact solution for transient distortion in networks,®’
Electronic Engineering, Vol. 22, March 1950, pp. 81-87

D. C. Espley, ‘‘Waveforn systems and time equalizers,’’ Wireless Engr.,
Vol. 28, 1951, p. 251.

- 90 -

0

sp(t-Tg)

N
vZq 23k°

sg(t-Tg)

N
/ kéf&k*

R, To-Ty

I

0

b) Network realization for h(t)

FIG. 5.11.--Realization of segmental impulse response.
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The transfer function F(z) in Eq. 5.48 will be realized by a network
containing only resistors and delay-line elements of commensurable length.
It would be very desirable to develop a realization procedure which does
Fe) *(z) not require factorization of the numerator and denominator polynomials of

) =5 F(z). One such development requires that an all-zero impedance function

Equalizer Network Z4(z), ‘can be realizable.

Actual output B
Zy(z) = a, + agz + anz L .,p,P
Given input

Prescribed
Zy(z) must be a positive-real function hence Re Z;(z) % 0 on |

Eq. 5.50.

Re Zy(6) = a, + aj cos 6 + ag cos 260 + - - - + a, cos pf 20

(5.50)
FIG. 5.12.--Tine-donain equalization.

T

z =

A useful sufficient condition that Eq. 5.50 is satisfied is given by
the actual output of the network will pass through the prescribed sample
values (see Eqs. 3.35-3.41).
(5.51)

Frzy = B0 _agtagz a4 - v 0 0P 4
Q*(z) b, Fbgz ¥ b}}?W B(7)
Zj(z) can be realized by a series combination of impedances of the form

shown in Fig. §5.13.

An obvious restriction on the physical realizability of the network is
that the z-transform of the output have no poles inside the unit circle on —59-[1 + 2" for open-circuit
the z-plane unless the z-transform of the input has the same poles inside 2 termination
the unit cirele. Similarly, the z-transform of the input must have no zeros

inside the unit circle unless the output has the same zeros.

R .
Z,7=2[1 - ™ for short-circuit
2 termination

Note that localized time-domain control in the response function can
be accumplishe§ by manipulation of a single parameter in the transfer function,
F(z). No such possibility exists for lumped-element equalizers. Also, the n
representation of the time functions by a time series is much-simpler whan : FIG. 5.13.--Realization of impedance function, —2 [1 + 2")-
representation by a sum of time functions having rational Laplace transforms,

especially if the time functions are given in terms of numerical data.
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R R
Zy(z) =R + ;1 (13:1)+H_;2(1t22)+- - .+_;£(112P) (5.52)

Open-circuit termination for

By comparison with Eq. 5.49 we have a, positive.

Short-circuit termination for

a, negative.

_R‘"' +R
2

The- condition of Eq. 5.51 assures that R » 0 so that Z4(z) is physically
realizable as shown in Fig. 5.14. 0o o
An all-pole impedance can be realized by essentially the same procedure - "] for open-circuit

termination
by virtue of the duality of impedance and admittance functions. An admit-

. . 1
tance function of the same form as Eq. 5.49 can be realized as a parallel Vo= 5 1+ 5" for shore-circuit

combination of the admittances shown in Fig. 5.15. ¢ 1 termination

_ FIG. 5.15.--Realization of admittance function,
Yg(z) = by + byz + boz? + - - - + g2t , 1/2R,[1 + 2™].

(o) v (14:2)+
1) +—— 2
2R02

(1% 29)

Short-circuit termination for "n positive,
open-circuit for b, negative.

FIG. 5.16.--Realization of all-pole impedance function.
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ﬁ’ﬂ (1% 2P) (5.52)
2

< Ry 2y 4 - - - *
R 02 (1t 27)
ZA(z):R+—";1 (ttz) *—3

have
By comparison With Eq. 5.49 we

ol =2

2

P
Bon yp= 3 lenl *F
g .

1

is physically
¢ Zy(z) is P
£ Eq. 5.51 assures that R 2 0 so that 24
. condition of Bd- 9"
G shown in Fig. 5-14 L
. be realized e
nd admittance functi

4 as a parallel

ealizable @
' An all-pole impedance can |
i i nc i
i of the duality of impeda . e
N £ the same form as Eq. S
< shown in Fig 5.15.

dure
essentially the same proce
v

An admit-

gance function o

i nce
combination of the admitta

q
Q+_4_+bz
_ + boz q
YB(Z)’ba+biz 2

1 2y 4
b— (1 £27)
1%2) TR o

Open-circuit termination for
a, positive.

Short-circuit termination for
a, negative.

(1 - z™ for open-circuit
termination

[1 + 2™ for short-circuit
termination

FIG. 5.15.--Realization of admittance function,
1/9R[1 + 2"

Short-circuit termination for b'I positive,
open-circuit for b, negative.

FIG..5.16.--Realization of all-pole impedance function.
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1
Zo(z) =
() b, * byz * bgz? + - - - * bgzd

The fact that a polynomial impedance function is realizable allows a
direct realization of a voltage transfer ratio in the form of Eq. 5.48.

Consider the voltage transfer ratio of the network of Fig. 5.17.

n
kyZy + ko(Zg + Zg) + k3(Zg + Lyt Z3) + - - -y l>=:1 Z; (5.57)

v
-2 =
v (z)

zZ
i1 7t

If £ Z; is constructed to be the polynomial impedance function, B(z) as in
Fig. 5.18, the coefficients of A(z) can be arbitrarily chosen by proper
adjustment of the tap factors, kJ, to the summing amplifier. As with the
TDL filter, it is assumed that the tapping resistors do not load the network
and that the tap factors can be positive or negative depending on how they

are connected to the ~ summing amplifier.

A(z) _

tagz tage? v - - - apiP
B(z) b, ¥ bz ¥ bgal ¥ - - - bgz¥

F(z) =

From the network of Fig. 5.18,

1) () = kR +kg[R+ |by|(122)] + RylR lbgl(t £ 22) + [bgl(2 £ 2)) +- - -k B(2)
b, * bz ¥ bgzl + - - - bgzd

(5.58)

Comparing Eq. 5.58 with Eq. 5.48, the k; tap factors can be expressed in

terms of the a;’s.

q
s 2006, - = lo | | + ; onl b
by ° n=g M n31" b,

This method of realization of a transfer function has the distinct

advantage that factorization of polynomials is not required and also the
network has a high degree of alignability. .The zeros of the transfer
function are not restricted. The denominator of F(z) must satisfy the
condition of Eq. 5.51.

a
Wy lonl < b (5.51)

Note.that this is a somewhat stronger restriction than that F(z) have no
poles inside the unit circle. Also; this realization is valid only for
p < q , however, if p > q a division of the numerator by the denominator
will yield a polynomial of degree p-q plus a remainder of degree g as in
Eq. 5.60.
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" tajz +abz? 4 - - - % a2
F(z) % ¢ Pqy L +% T 2 g
(=)= epeq * 1 | bot byz ¥ - - ¥ bt (5-60)

The polynomial part can be realized by a TDL filter and its output added to
the output from. the network having the remainder as a transfer function. The
same summing amplifier can be used for both networks.

Another interesting procedure for the realization of a tramsfer function
rational in z results from the linear bilateral transformation of Eq. 5.61
which maps the region inside the unit circle in the z-plane into the RHP in

the w-plane.

1z

W T
1+ z

FIG. 5.17.--Network realization of voltage t f It might be expected that the w-plane properties of a delay-linerresistor
547 ge transfer o )
function having poles at the zeros of g Z; and network would be similar to the s-plane properties of a lumped element net-
arbitrarily placed zeros decermined by'ihe ods ) work.. In fact, the correspondence is remarkably good.1'2 The transformation
mine Yy e a ustment . .
of the tap factors, k;. 4 " of Eq. 5.62 represents the mapping of the s-plane into the w-plane.

The horizontal strip between -j 7/7 and +j 7/7 in the s-plane maps into the
entire w-plane hence the transfer function must have a finite number of poles
and zeros in the w-plane. The path from -j 7/7 to +j 7/7 on the w axis in
the s-plane maps into the imaginary axis of the w-plane. The utility of the
transformation of Eq. 5.61 is in the analogy of the impedances of short-circuit
and open-circuit terminated lines with the‘impedances of inductors and capaci-

tors respectively as shown in Fig. 5.19. The implication.is that standard

synthesis procedures for realizing transfer functions rational in s by lumped
element networks can be applied directly for realization of a transfer function ;

o rational in » (hence in z) by networks containing only resistors and open-

and short-circuited delay lines. The L-section networks of Table II for the

FIG‘. 5.18.--Network realization for time-domain equalizer 5 realization of individual poles .and zero-pole pairs in » indicate the close
having the transfer function of Eq. 5.48.

Ip. 1. Richards, ‘‘Resistor-transmission-line circuits,’’ Proc. IRE,
Vol. 36, February 1948, pp. 217-220.

2p. 1. Richards, ‘‘A specialized class of functions with positive. real
part in a half-plane, ’* Duke Math. Jour.Vol. 14, September 1947, pp: 777-786.

- 99 -

Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220005-5



Declassified in Part - Sani

f 1 i in w.
TABLE 11.--L-section realization of simple voltage Lraqsfer ratios in

§ - Voltage transfer, Vo/Vy(w)
Z(s) = R, tanh %“ Netvork

3(w ) =Ry

wta

Z(s) = R, cazh%*_ Ry, /2

2(s) =5 | Ry [w+u.]
; 4 Ry + Rolw * 4,

FIG. 5.19.--The analogy of the impedances of R R

> : =_To _cg=—2
open- and short-circuit terminated delay lines B R, > R
to lumped reactive elements by the transformation 1772 2
w = tanh (s7/2).

analogy to lumped element networks, Richards presents a detailed study of b N [

w+a
the properties of realizable impedance functions rational in w. Tn particular, __w +51l
he shows a realization for a reactance function as: a cascade combination of
delay line elements. Appendix C gives an owtline of the method.
K ) X 1 R, _Ry + R
The following examples should illustrate the synthesis procedures sug- 1 a :-;2-</3-—1——ZR
Ry o

gested in this section. Suppose that the z-transforms of the input and output

time functions of Fig. 5.12 are given by Q*(z) and R*(z) respectively.

242 7
Q*(z) = z2(1 + 0.2z - 0.322 - 0.923 - 0.12% @ +a)+ Al
)
Re() = 201 + 2 + 22 +.29) | ¢ B 2.
R Rot

N
A(z) _ 1+2 +22 4,8 RR+R [ +w )2“/+EE]
B(z) 1+ 022 - 0.322 - 0.225 - 0.1:% Roy(Ry ¥ Ry) L(w*a

i R ,ﬂ&_)
“"9\R; * Ry Ryy(Ry *.Ro)
The realizability condition of Eq. 5.51 is satisfied since
a2+52:___ﬁﬂ?ﬂ? ,Y =
Ryy(Ry *+ Ry)

4
£ [b,] =0.8<8,
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FIG. 5.20.--Network realization of time-domain equalizer.

0.552 + 1) 0.83(w + 1)
—_— T35 -
(v + 4.05)(w + 0.135) (v + 091 +j1.02)(w + 0.9 - j1.02)

The network of Fig. 5.20 is found directly from Eq. 5.53, which gives,

FIG. 5.24.--Network realization by w-plane method.

Ron = |26, £ 16,1

The w-plane method of synthesizing the time-domain equalizer of Fig. 5.12
The tap factors are found by Eq. 5.59. i proceeds by the substitution of z = (1 - w)/(1 + w) into the transfer
F(z) to form the transfer function F(v), rational in w.

For this example,

function

a3 =1 = bgky = - 0.2k;

i 2
- R 6.67(w + 1)(w? + 1)
ay =1 = by(ky + k3) = Flo) 2T 6 + 1002 + 867l 41

ay =1 =by(ky +kythy)

: %y a,|b, | - 6.67(w + 1)(w + j)(v - Jj)
“o:(ko+z; (bn_'éi Ml)*éi "b" (w + 4.05)(w + 0.135)(w *+ 0.91 + j1,02)(v +0.91,- j1.02)
n

12 (ky +5)(0.2) + (-1) The network of Fig. 5.21 realizes this transfer function as a volvage transfer

ratio by a cascade of simple L-section networks in a manner completely analogous

to the realization of a four pole transfer function in s by means of lumped
elements.
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E. FREQUENCY-DOMAIN SYNTHESIS

It was shown in Chapter IV that the frequency response of a network
containing only delay lines and resistors must be a periodic function.
This suggests that approximation to a prescribed response might be ac-
Fortunately, the'individual terms in the

complished by a Fourier series.
For physical

Fourier series expansion have simple network realizations.
realizability, the real part of the frequency response must be even in

w and the imaginary part must be odd in @ Accordingly, we would expect

the result of the approximation problem to be in the series form of Eq.
5.63.

- L _ 2mw 47w
Flw) = P(w) +jQw) = a, * ay cos - +ag cos
o

. . 2w . b
+ [by sin 22 + by sin + - ]
@, ®

Where w, is the period of the frequency response.

The TDL filter is a very useful realization of Eq. 5.63. 'The transfer

function for the TDL filter is a polynomial in z.

F(2) = fo * f13 * for2 + - - = fpa + fpg™T 4o o - 90 (5.64)

then

Pw) = f, *+ fq cos wr + fg cos T + - - - fo cos nwr
Q(w)'= ~fy sinwr = fg sin 2T = - - = fon sin dnwr

Eq. 5.65 indicates that the real and imaginary parts in the 2n-term expansion
are not independant, hence an arbitrarily prescribed periodic frequemcy

response could not be approximated. . However, if a time delay of n7 can be

tolerated at the output, the 2n-tap TDL filter can yield an n-term expansion

1043R001200220005-5

for ‘the real and imaginary parts independently. From Eq. 5.64.

Fle) = ah(fg 4 fgpm () 4 fr (R ke - fpt e fan?") (5.66)

Then
j{m) = P(w)-+ jQ(@)

= ¢ JONT [(f, + fon) cos mer * (fg * fon-1) cos (n - 1) T

+ (fg ¥ fop.g) cos (- 2)erm ¥ - (fn-g * fatq) cos @7 * fnl

4 e IORT [(f, - fon) sin ner + (Fg - fopog) siR (o L) T R

) sin wr) (5.67)

< (fng 7 fant
5.67 with Eq. 5.63, we obtain
o

T

ay = fpogt ot

ag = frog * fneg

=fo * fon

a suitable adjustment of the 2n + 1 tap factors, fp. the real and
d frequency resp

ding a time delay of 2m/w,

Thus by p
i i i can ap-

imaginary parts of an arbitrarily prescribe onse

proximated by an n-term Fourier series, provi
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is allowed.in the output. This implies that a linear phase component will
be. added to the phase off{(w) without the time delay.

Z— . 1 0s) _ 2w -
e v (5.69)

The delay between taps on the TDL filter is 27/w,.

The resulting frequency response, being periodic, will consist of .an
infinite number of equally separated pass bands. TIf only one or more of
the pass bands is desired, the response at the remaining pass bands can be
attenuated by cascading the network with a lumped element filter. If the
lumped element filter is properly designed, the response in the desired pass
bands will differ only slightly from F (w) whereas the response at the
unwanted frequencies can be highly attenuated. Notice that this form of
the combined transfer function, H(s, z), is identical to the form found use-

ful for the time-domain synthesis by the time-series method.
H(s, z) = G(s) F(z) (5.01)

In this case the part of the transfer function rational in s is used to select
the desired pass bands; in the time-domain problem its purpose was to provide
a suitable interpolation between sample values.

The TDL filter realization of an arbitrarily prescribed amplitude re-
sponse with a linear phase response has been presented by Kallman! and by
Corrington and Sonnenfeldt.2 A slight modification of the TDL represents
a saving of one-half the taps required for a given -approximation.

Let
Hlw) = Aw) eI (@/wd) (5.70)

We shall require only that A(w) be real and as such it is not strictly an
amplitude function, however, network analysis is greatly simplified by this
alternate definition of amplitude and phase. In particular, this definition

requires that the phase function be continuous in w.

14, E. Kallmann, ‘‘Transversal Filiers,’’ Proc. IRE, Vol. 28, July 1940,
p. 302.

2M. S. Corrington and R. W. Sonmnenfeldt, ‘‘Synthesis of constant-time-
delay networks,’’ BCA Rev., Vol. 15, June 1954, pp. 163-186.

Since A(w) is periodic and even in‘jw,, it can be approximated by a Fourier

cosine series of period wg.
2m
A(w) = a, + ag cos—

Comparing Eq. 5.71 with the transfer func;ion of the TDL filter, we obtain

By = P (fgr ™+ fg2 (D) b f e - fan®) (5-66)

L) £ eI [ b (Fg * Freg) cos @r * (faig * Fug) €08 2T

+ - - -t (fy + fon) cos nwr] (5:67)

=ty

So that

=fo * fon

The condition of Eq. 5.72 can be met with an-(n *+ 1)-tap TDL filter with the

minated in an open-circuit and with a non-reflecting

nth delay section ter ; ;
As an illustration of

termination on the input end, as shown in Fig. 5.22.

the possibilities of this type of frequency-domain synthesis,
nse of an ideal

consider the

prescribed amplitude response to be the rectangular Tespo!

low pass filter with an associated linear phase.
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The periodic extention of ‘this prescribed response can be considered to be

a square wave in w. The tap factors are then just the Fourier coefficients.
for the expansion of a square wave. As the number of terms in the expansion
is increased, the transition in the cutoff region is made sharper but the
delay of the filter is increased correspondingly. A lumped-element filter
AN attenuates the response in the higher frequency pass bands.

Frequency-domain synthesis with networks containing delay lines offers
several advantages over synthesis. by lumped-element networks. The example
of Fig. 5.22 -shows that a very sharp cutoff can be obtained simultaneously
with linear phase through the cutoff region. This is extremely difficult
to accomplish with lumped-element networks. Another advantage is in the
alignability of the TDL filter realization; the tap factors individually

control the coefficients of the series expansion of the frequency response.

Also, the correlation between frequency response and the time response is

“a \VA " ’ ‘ very direct since F(z) gives a time series representation for the impulse

response.

a) Fourier approximation to frequency Another approach to the synthesis for a prescribed periodic frequency
response of an ideal low-pass filter. response with networks containing only delay lines and resistors is to

transform the prescribed response data in the interval

termination

Ry Z Lol B, T
2 o Open-circuit 1 : . P s
4 4 1 to the complete imaginary axis in the w-plane. Now this transformed:- pre-
RS . scribed data can be approximated by a function rational in v satisfying
as% + : . certain physical realizability conditions. The cealization then follows

the methods indicated in the previous section similar to the realization

a
I . procedures for lumped element networks.

b) TDL realization of frequency response of (a).

FIG. 5.22.--TDL filter approximation
to frequency response of an ideal low-
pass filter.

D
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VI. CONCLUSION

A.. 'SUMMARY

There is no doubt that the use of delay-line elements greatly extends
the class.of response functions realizable by linear networks. For this
reason, ‘the delay. line should always be included

among the available elements
for network synthesis, especially in those cases

where the prescribed.im-

pulse ‘response contains discontinuities or sharp corners and where the fine

structure of 'a filter spectrum must be carefully controlled.

The nature of-the transfer functions of line-lumped networks makes

feasible the design of linear ‘‘pulse corrector’’ or ‘‘time-domain equalizer’’

networks. for the purpose of eliminating undesirable overshoots or otherwise

reshaping time functions to.some prescribed form. Using time-series methods

the time-domain synthesis is greatly simplified, especially in. cases:where
the designer must work from empirical data. The z-transform is a particularly
useful. form of time-series Tepresentation; first, because the transfer functions
for delay-line and resistor networks are rational in z, and second,. because
z-transform- theory has already been well developed for

use in the analysis
of sampled-data systems.
Special emphasis has been

placed on synthesis of impulse responses having
limited time duration and hence

avoiding the objectionable ‘‘tails’’ invari-
ably associated with the response of lumped-element networks.
is probably one of the most outs
of line-lumped networks.

This property
tanding examples of the practical applicatjon

_ Some. of the network realizations of Chapter V have the advantage of a

high degree of alignability. For instance, the DL, filter has an impulse response

for which each response parameter (sample value) 'is independently controlleq by
An ‘excellent example of the utility
of the TDL filter is presented in a report by D. W. Lytle.l

a single network parameter (tap factor).

In this case, it
¥as required to design a filter whose impulse response is a v

ery complex time
function matched to a particular noise

-like input signal; namely, a pseudo.
This type of response would be very dif.
ficult to approximate with lumped-element networks.

random binary sequence of pulses.

The fact that good-quality delay-line elements are readily avajlable to

nature. It is hoped that the ideas presented in the P

receding chapters will
stimulate an interest toward further investigation of

the problem.
1D W Lyele, “‘0n the properties of matched filters,’’ TR No. 17
Stanford Electronics Laboratory, Stanford, California, June 1957, '
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B.  SOME SUGGESTIONS FOR FURTHER STUDY

An interesting topic in frequency-domain synthesis is the general theory
of approximating a prescribed frequency response by. ‘‘all-zero’’ transfer
functions having pulse--function impulse response. Preliminary investigations
indicate that this new approach might yield some ‘useful results. For instance,
a sampled-data procedure analogous to that used in the ‘time domain might be
used.:for. frequency-domain synthesis. The method would involve approximating
the prescribed frequency response by functions passing through the prescribed
sample values at a discrete set of frequencies. The ‘‘all-zero’’ transfer
function is a.logical choice for an interpolating function to give the proper
behavior in the intersample region. A technique of this sort would be especial-
1y valuable when the prescribed response is given experimentally in terms of
measurements at ‘discrete frequencies. Another point to consider is that there
may exist possibilities for simultaneous approximation in the time domain and
the frequency domain.

A vast new set of possibilities for network synthesis becomes apparent
when distributed coupling between the delay-line elements is considered. A
paper by B. M. Oliver! indicates some of the transient response ‘properties
of coupled lines when the degree of coupling is a function of distance. Even
artificial lines with discrete coupling could be very useful elements for
Low-frequency networks and could be represented by ideal delay lines with a
prescribed distributed coupling.

The synthesis methods of Chapter V consider a rather specialized form
of the transfer functions of line-lumped networks. The development of a more

general procedure may reveal some important results.
ACKNOWLEDGMENT
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'B. M. Oliver, ‘‘Directional electromagnetic couplers,’’ Proc. IRE,
vol. 42, November 1954, pp. 1686-1692.
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APPENDIX A: REDUCTION OF THE RANK OF A SCATTERING MATRIX

Suppose an n-terminal-pair network has a specific connection of e lements
at j of the pairs. The scattering matrix of rank n for the network ¢an }.]e,
reduced to a matrix of rank n - j, corresponding to the remaining unspecified
or ‘‘accessible’’ pairs. This results from the fact that j constraints 5§ve
been placed on thé relations between incident and reflected waves ét the J'
pairs. Consider, for example, the network of Fig. A-1, where L%\e jth terminal
pair is connected to a terminated delay line.l The constraint imposed at the

jth pair is that

4j = 758;
where
-2sT; 4-1
7y = oy 2Ty (A-1)
n n
= 4-2
By = 3 skidi T T speti *osamik (4-2)
i7]
Solving for Aj'
=2 siid;
T J

Then
n Yiski n
By = swidyp LM s (A-3)
i1 15575 i3
7 i7j
Hence the elements, sj;, of the reduced scattering matrix, §' , are given by:
5.
£ i Spis:: (A-14)
Ski T Skt = . SkiSji
175557
k, i)

The jth pair is completely eliminated from the matrix.

IFor simplicity, delay elements will be represented symbolically by
single lines in this appendix.

[ )

05-5
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This method is useful for reduction of the

rank of the scattering matrix
for simple networks,

but the expressions become very cumbersome for more com-
plicated networks. An interesting matrix procedure fop reduction of the rank
of a scattering. matrix is developed in a paper by R. H. Dicke.l
of the procedure is presented here.

The problem will be stated as follows:

An outline

Given the scattering matrices
Sp and Sg of p-pair and 9-pair networks respectively, when r of the pairs on
each network are interconnected through delay lines, ‘what is the scattering
matrix of the combined network in terms of the ptq=2r remaining pairs?
The matrices, Sy and Sg, of rank p + q - £ are the scattering matrices of the
networks with the arbitrarily placed reference plane of Fig. A-2. Sy and Sy
are easily derived from S!J and Sq with the aid of Eq. 2.16.

(4-5)

So that

By = §4

B, = 5,4,

IR, H. Dicke, ‘A computational method applicable to microwave networks,’*
J. Appl. Phys., Vol. 18, October 1947, pp. 873.878.




n-1 S J ey

—l

Pj = Reflection coefficient

FIG. A-1.--Simple termination on jth pair.

:{/Referencz plane

Delay element (R,;,T;)
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I
|
S 1

L1

p-pair network g-pair network

Delay elements

FIG. A-2.--Interconnection of two networks with delay lines.

Hei-6

Note that the céntral sub-matrix of H is a null matrix, We want to express

the reduced scattering matrix, S, in terms of H such that the elements of

the r central rows and columns of § are all zero. Then the rank of S will
be p +q - 2r

The constraints at the reference plane are expressed by Eq. A-T7.

G, = GB,

6B, = GA,

Combining these equations,

By = S4Ay = S,GA, + S,HA,

= 5,68y + $;HA; = S,65,8, + S,HA,

=8,65,G8y + §,GS,HA, + S,HA,

(A-9)

M=8G5,6.  N=s§gs,

By= MA; + NHA, + SHA,

Multiplying Eq. A-10 by M,

MB; = M2y + MNHA, + MS;HA,
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b
o If Eqs. A-11 are multiplied by C;, Cg, C3 - - - Cpyy and added, we obtain
MB, = MA, ‘ :
so r+1 r+1 r+i
. SRR I Ja ¢ 5, commay + s
By = M2Ay + MiHA, + MS,HA, + KHA, + S7HA[ WF CoBr = [ E G Rz, CulliHAy ¢ SHAYD

Continuing the process of multiplying by M, we obtain the following sequence

of ‘equations.

: r+t r+1 5
+ "§? C.MINHA, + S;HA;] + n§3C"M [NHAy + SyHA,]
By = MAy + NHAy + SgHA i
+ - - - (A-15)

= MAy+ (M + 1) [NHAG + S HA,) |
= 2 ‘ S HA A-11
My + (M2 + M+ 1INHA, + SgHhy) “-10 Substituting Eqs. A-13 and A-14 into Eq. A-15
i By = [1+ (1=CM+ (1 -Cq- CoM + - - - JINHAy + SgHA]
1 (4-16)
= M + (ML - - -4 ) [NHAy + SyHA] . Sinen
" S(HA, = NHA
. . s b = =0
From the Hamilton-Cayley theorem M is a solution of the characteristic equation 1072 1
of the matrix as shown in Eq. A-12. s
[NHA, + S;HA;1= (N + Sy) H (A; + Ag) (A-17)
r+1
det M- M) = 2 G =0 (A-12)
" By = Sphy = S,GB, + SoHA, (4-18)
Thereforel
r+i For the combined-network,
s M =0 R
WZq Gl (4-13) |
(By + By) = S(Ay + A) (A-19)
The sum of the coefficients can be normalized such that
g »
r1
iy G (A-14) .. Solving for S from Eqs. A-16, 17, 18, and 19
Lt can be shown that C, = 0.
- 116 - S 117 -
3
A
s B
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APPENDIX B: RELATION BETWEEN LAPLACE TRANSFORMS

S = H{Sy + (1 + SpGI[1 + (1 - CM+ (1 -Cp - CyM 1 AND z-TRANSFORMS FOR MULTIPLE ORDER POLES
To find the z-transform correspondence to higher order terms of the
A AL partial fraction expansion of the Laplace transform, we use the correspondence,
al e
ah n
o il -sT R
O aon F(8) 7= e BT (B-1)
S = (4-20)
In particular,
i 2 (t)--4 2 (L) - et
| 3 \s §2 3 \1 - e ST (1 -e57)2
Thus the scattering matrix for the combined network can be collapsed into a i ) ) . C er
matrix containing p + ¢ — 2r rows and columns. | Making the substitution, z = e , we have
1 TZ
3 (B-2)

2 7 a-1)?

Similarly,
22 (1) - 22 ( 1 >_ T2e75T(1 + e75T)
w2 N/ T T \NT-esT) T T 1 -esT)3
2
:13 T z(z + 1; (B-3)
s 9 (z-1)
and,
3 (1 ) ~ 6 33 ( 1 _ 735'57[1 + 4e~ST + ¢-2sT}
| 3 \s )T T T A3\ - z-”) (1 - e57)8
gle
oA 9
% EERICEN TR (B-4)
s 6 (z - 1)
- 119 -
- 118 - ;
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Y

For nultiple order poles removed from the origin in s, the relation of Similarly;
row 24 Table I may be applied.
' 1 72 OTy(z + %)
5 T oy
F(s +a) = Fr(ez) (B-5) (s ta) 2 (2 - €*T)
| e
For instance, combining Eqs. B-3 and B-S, ) . T .2 M[ 96207 50T 4 ]
| 2 ¢ (z - eo7)3 (e e
1 72655z ¥ 0T )
3 T T £ aT 3) (B-6) ‘
(s +a) 2 (z - €%) 2 93
1 37 1 T 3 722
¢ ol T et L) T i 13
(s a3 2ls+a)? s+ta sta (z - &%)

To identify the Laplace transform of the continuous time fumction from the

higher order terms in the partial fraction expansion of the z-transform, |

an iterative procedure is used. ori
Since 3 R
——1— -— - JE S I S + ——7—2———2— + T —
(z - d)3 T3+ Log ) T (st Lo a)t (st Li0g a)
7 7 7

1 7e%T2

(s +a)? (z - )2
(B-8)

1 LmeTT Tt
(s +a)? (z= )27 (2 - o)

1 ™ e 20T

2t o T a2
(s +a)* (s ta) (z = %)
or:
-— - +
ey S arr)
T T
(B-7)
t 1 -
f(t) = 7? /T4 ;_2 ot/
- 120 - : . - 121 -
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APPENDIX C: CASCADE REALIZATION OF A
PERIODIC REACTANCE FUNCTION

and hence periodic in @

£ delay lines of length;

Any reactance function rational in w (or z)
with period, 27/, can be realized as a cascade o

7/2, by a method suggested by Richards.
Fig. C-1is given by Eq. C-2 and is a reactance function if the termin

The driving-point impedance Z in
ation

Z' is a reactance function.

|

i ) 2
z' +Ro) il
= (1 -w)/(1te);

]

Substituting 2

Z' + R
Z(w) = RO{R Tz

o

Aw

- )
B(w

Z(w) - R
1 —_(_IZH'” M

Z'(w) =

o

1f R, = Z(1) then Z'(v) is of lower degree than Z(w). In fact, the numerator

nd denominator of Eq. C-3 will both contain a factor, (»? - 1).

Z(1) - Ry = 0

1)
R

A1)
1

=0

B(1) = 1 -

o

hence (w - 1) is a common factor of A and B.

From Eq. C-2,

Z(-1) = -Z(1)

‘‘Resistor-transmission-line circuits,’’ Proc

1p. 1. Richards,

Vol 36, February 1948, pp. 217-220.

- 122 -
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= -Z(1) + R, = 0

C ozt

PEAE) I
RO

and by dividing 4 and B

The same process is

Eventually

o a common factor of 4 and B,
egree than Z:
of still lower degree.
ealized by a

C-2.

so that (v + 1) is als
by (w2 - 1) the resulting 2’

applied to Z' yielding a new terminat
nce Ropw or R
ted delay line as in Fig.

is of lower d
jon 2"
the process leads to an impeda on/v which can be

short-circuit or open-circuit termina

inpedance of

FIG. C-1.--Driving-point
e termination.

delay line with reactanc

Open-circuit or
shortzcircuit

FIG. C-2.--Realization of reactance function
rationaliin w.
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